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ABSTRACT 


The objectives were to obtaia data in selected interior se ahcecsde ag casaustiayer ved 
within the dynamic radiological envircament following twe underwater auclear detonation — 
(Wahoo and Umbrella) from which might be possible (1) te determine whether aa inhalation 

. hasard exteted tn these compartments because of the ingress of contaminants vis ventilation or 
’ combustion sir systems, (2) to estimate the external gamma radiation dose or dose rate in * 
these compartments due to the lagrees of contaminants, and (3) through the measurement of 
Particle-sise distribution in several sise ranges and activity associated with these size ranges, 
to attempt correlation between bielogical dosimetry (primary measurements for Rem 1) and 
physical measurements, amd to provide information on these parameters for use in ftem 2. 

Three ventilated compartments were inatrumented on the moored and washed destroyer 
(DD-502), The test conditions were designed te simulate the operations! situation with venttla- 
tlon blowers tarnzed off but with ne closures tn the ventilation systems. Exhaust blowers were 
. Inatalled to indece 30 percent of the rated airflow through each ventilation system. This air- 
flow represents a maximum that tas been measured in shipboard teste under the most favorable 
conditions for induced airflow with ventilation blowere turned off. The after firercom wis alse 
tastrumented to provide data for eetimating the dose due te boiler air casing leakage. In this 
{trercom, full-power airflow was maintained through an unfired botier, aad the compartment 
. Was eealed to preveat the ingress of contaminants via the ventilation system. Theee test com- 
partments were tnetrumented with alr samplers, curtace samplers, sued sehmave (mies 008 
guinea pign), film badges, and recording gamma radiation detectors. 

The DD-503 was mosred with its ctarbeard side te surtace sere, 4,000 feet downwtad during 
Shot Wahoo and 3,000 feet downwind during Shot Umbrella. Two cther target chips were also 
moored downwind with their steras te surface sere: the DD-474 at 2,900 feet and the DD-593 © 
‘at 6,900 feet for Shot Wahoo; and the DD-474 at 1,000 feet and the DD-603 at 7,900 feet for Shot 
: Umbretia. The forward firerceme of ali three deetroyers had ene boller fired for operational 
reasoas with an airflow ahout half of the full-power airflow. Theee firercoms were instrument- 
‘od with film bedgve and recording radiation detectors by ancther project. 

Because of cperationn| difficultics, the enly reculte obtained a8 & faction of time ca the 
DD-393 tor Gact Umbrella were the gummsa radiation dota. Only animal data and flim badge 
aake ere cerainns 00 ie DO=Ott oer Oe ee ane eenee Sree pene eee: 
tnopersdive. 

4 hae Mahoney ts eabseie Vice Sabee tal GeisianGasdiadten ode dea’ ts Gas Wharoid Gt cua 
nants inte the DD-$63 frees Shet Unbreila resulted tn a wide range of values (and quite a dit of 
_sncertataty).. The lower dsee ectimates were: 0.5 to 2 r fer vontilated compartments and 3 to 
4 ¢ for the fireresus. These lower dose estimates represent lose than | percent of the total 
dose is the ventilated compartments and between about 3 aad 16 percent af the total dese tn the 
'' ftrereems. The higher dose estimates were 18 F fer a fireresm (only ene of two betiers tn 
operation) and 31 ¢ fer the ventilated engine reom. The higher dese estimates represent ap- 
 proxiaiatety $0 percent of the tetal dese in these compartment. The higher dese ectimates 
for the twe ventilated nesmechinery compartments, theagh quite unreliable, are lees than 30 


perce: of the total dese in these Lightly shielded compartancate.- Betimates of mastovem inter a. 


nal dose to man were 0.6 to 1.6 rede to the skeleton (eritionl erga) ter the first 7 days after | 
lahet. : 
fh wae fousd that $0 te 06 percent of air eample activities collected in the test compe tients 


Lace ee ae 


ee oeing ; ‘sopired. 


a dioactivity in tie body wae always insignificant Compared to the total exposure dose. 


wore Sboulequal fu ticve tur spite: eagabae fle badge stay |b wide SIKU wot nareg 
inat depds ited radieactivily contriowied a higher iraction of these deses, because |. ahee rt -ov- 
cry Survey dase rates 3 test compartments sere Sto fd times the comparahte Umbretia dose 
rates. Estitrates of maxiauim trternal dese were 1.8 to 3.4 rads to the skeleton for the first 
7 dass after shot. tn the ventilated enzine room, there was one higher estimate of 7 rads to 
the sastrointestinal traet (also a critieas organ). The lew estimate tn thie case was 9.7 rad. 

ht was coreluded that the dose due to ingress of contaminants was of retatively lesser impor- 
tance than the dose from sources external to the compartment. > The dose due to depositcd rae 


Ir all cases, it 58 estimated that the doses due to the ingress of cortaminanis are secondasy - 
to the doses Gue to exterior transient radiation suvrces, but that, if shielding were provided to 
reduce the Gose» due to radiation sources external to the ship, the doses due to the ingress of 
comamuinarts wevid require consideration under any concept of dosage control fur repeated 
exposures. , Po : 


FOREWORD 


. This report preacnts the final rezalts uf one af the rojects participating in the mililary-effect 
Programs of Operation Harctack. Overall information about this and the other military-effect 
projects can be otgaited from ITR - 1600, the “Suminary Report of the Commander, Task Unit 

“3.7 This technical summary includes: (2) tables listing each detonation with its yield, type, 
‘environment, inetzorulomecal conditions, ete.; (2) maps showing shot locations; (3) discussions 

-@f results by Programs; (4) summaries of objectives, procedures, ‘results, ote., for all projects; 
aivt (5) a fisting of project reports for the military-effect programs. . gee 


PREFACE 


_The famma-intensity-time data utilized in this report was obtained by Project 2.3 personnel as) 

“an extension of their own experiment design, instrumentation, and data reduction: in acttition | 
they had cognizance of corsmon instrumentation Support functions such ag alana emcee ani 
Pevorders and aninal-cuooling system and the dostrument-starting system for both projects. 

‘The cooperation and assistance of personnel of Project 2.1, ‘particularly H. R. Rinoert, a. A. 
Zaporites, and R.G. Pace, 1s gratefully acknowledged. 

Recovery operations required manpower beyond that available {rom within the nroject. Task 
Element 7.3.1.5, the decontamination unit of Task Group 7.3, furnished four men— RR. L. Kopp, 
DC2; A. P. Brown, FN: J.W. Coos, SN; and W. P. Morones, SN—~to avetat inthis work. In 
addition they were assigned many miscellincous tasks, such as sample processing, air sampler 
Preparation for test, and cecontamination of air samplers. The highly cooperative and able 
manner in which they carried out this work was of material assistance. 

Project 2.2 alyo gratcfally acknowledges its indebtedness to the officers and créws of the 
Task Group 7.3 Special Projects Unit, who manned the three target destroyers, for their fre- 
quent and cheerful assistance in maintaining zupport equipment, Sr comeniening tvpalr and 

: aiseaticn work, and furnishing work parties when required. : 
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Chapter 1 


INFRODUCTION 


; Tw sander iy ater muelenr detonalions were scheduled to obtain daw from which als standoff rh 
wai: fiw a wetted like ship (destroyer! could & SO oh tepadmed. Ghuen date dee: nae ts dy fie 
> as the distance between founk ‘of detonation and celivery ship at time of detonatiog ) Amon: Uy’ 
“¢ldeets to be considered wan the potential radiological hazard resulting from the jigress of cone)! 
‘tamination via beth ventilation and ecunibustion air sy stenrs. Although this prowet was too lim- 
ited in scupe to provide full information relative tothe problem, the data provides a ‘tunis nine 
planning and indicates 4 a weed ion more extensive studies. : 


at OBJECTIVES 
The objectives were to obtain data, tn selveted interior coniparimenis of one desteover In 
Cated within the dynamie radiological e@uvironment following two underwiter ruclear detonations | 
from which it might be possible (1) to determine whether an inhalation hazard existed In theée 
compartawnts because of the ingress of cdntamsnants via ventilation of comtustion air systems, - 
2) to estinate the externid gina radiition dose or dose, rate in these compartments due to ae 
the ingress of contaminants, and (3) through the measurement of particle-size distribution ia 
ns several size ranges and activity associated with these size ranges, to attempt correlation be-' 
"ps tween biological dosimetry (primary measurements for ttem 1) and physical me asurcments, 
Se and to provide information on these parameters for use tn shoe 2, bt eS ; 


ah L2 "BACKGROUND 


Nee Following underwater detonation of a welairs weapon, the deliv ery ‘ship, if close to surface - 7 
"pero, might be enveloped by base surce or fallout. ‘The ship would thus he exposed to radiation 

eo from external sources-and to contamination by insress via the Ventilition and combustion air 

* “systems. ‘Ingress of small fallout particles would result’ tf a contaminating aerosol as well ie 

“ide ‘position of radioactive matertal within the ship. Both the avrosal and the de- ‘posited material 

| would increase the radiation intensities within the ship. ‘The magnitude of these intensities "> 
would be a function of (1): the uoometry of the ventilation arid combustion air systems and asso-~ ‘ 

* tated ‘con: ‘partments, (2) the physical, chemical, and radiological properties of the particles, 

and (3) the mechinism of transport and of deposition of the airborne material, Quantitativ 

“measurements upon ‘whieh estimates of the pad yaiitede! ‘of the se eal hazards could be’ nade : 

© have been enna: in ‘many areas. : ; : 


ee 2. 1 Countermeasure § Studi's. For a number of years, | a Srauircnaed his existed in ‘the 
: ic Bureau o of Ships: te deter: Tmine whether a need exists for counternieastres against the ingress of 
* padivactive- contamiuiation into ships’ Mere and to deveiop rashotogicai eadniermmtasures, if me 
. Peavey : ; ee, aah 


conndei 


“ehloride was used as a tracer in 1 ieeeeel 4 
“Dy a deep sumterwater explosion. The simulta: 
“terastics of the aérosal throughout 2 tater coritaistic 
= system. 
- Lutwiras ory ORD) using niodels st 


ti u r: idtiation hazard had the tr’ 


al Ce 


; curie ft? 

ae, ane Of Contaminated air from the L 
; berms sible amount fisted in Hete: 

: “ard nearby spuces due te radiation f-am nae 
“room through leuka): v from the bee f oVsteips, “were|manizium based on a ship entry lime at 
A minute after shot and a stay tine 
“20 & respectively for the upper asd woixer taller roo 


_assutning that all of the contamu 
i system, 


7 “(Reference 4). 


', deposition of radioactivity in ducts : 
“ventilation or combustion, as wel! as measurements ne exernal Eaelation inicnstey upon ‘whieh ; 


ro “xpected with blowers on. 
Mut'the “blowers off” 


pabjeeted to the fallout from Meats range surface expiog ona curing Operation Castle.” ‘From 


of 0.02 percent of that average correntration found wiather side (Reference 6). 
‘filter and electrostatic - SOres Piet rd protective dey ices | in i ae Seale: SYSIEMS pave eve n 


; Correlation oo results olkained from Opetiations maaiie. BaTRaehs and Chosen wit be ait: 


ess 


* Nonradineet ive cobalt. 
wd ko sisn: ulate that which would be yenerated 
Mudied to determine the deposition Charac- 


air pois “manda fireroom ventilation | 
» Naval Racheitisteal De fense 


In.addition, Libor atary te 5°3 were tomlucte at th re Us 


studies (unpublished) revealed that | ; 
of the due ts and atobstriictions weirs the’ system. Ris ats Leript was mie to estimate the Potens" : 

cle! ‘Fawoactive.| : ee : 
a of tae rae retedn at sites on n that suuld owiat oii mobile 
mas sede tw. iter wails ir Ae neon 


Hips ee el fo cone Ub Linaties 


{er 
roth tar PaO eds 3 
) Pian vitside av reseb activity ob b 
it-was estimath-¢ that she indalation ladard (cue to leas 
systens intu Rhe ba: ivr rouni) would he less thau the 

eree 3. Estimates of: ne extertul hazard in the bast 
arin bower sh atoms, atid an the oiler 


eee ety 
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Ter sy Stem 


sv yotme Snare yacsihe a 
at} minute after tie toratote 


¢ 10 mintes. 


The marimim calcubited dose s were 22 aud 

levels, : be eA Oo 
2, cstiniites of doses'so personnel in the upper iy et ri a boiler roum were made “ 
Mat. fro! nthe combustien air tus de posi teed aiony the duct 
Assuming an outside wets + “concentration. of 1 curia, f ft? at 2 minute anda’ ship entry a 
time of 10 minutes after shot,’ the ostin: ated isda “adre: 600 r in 1 hour, 1}, 00 rin 10 hours, 
and ‘1, ono Pp in 100 hours. Thus, * seh atalow deposition t ficiency of 10 percent, : personnel, : 
emosed for 19 hours or more wor. i receive a dose ieee than ‘the military Lablacaeint dose : 


, 


For Case 2 


. The results obtained ia this therretical ‘etildy ‘aiebied “the Aved for experimental cores on’ 
athin s shipieird ‘ spaces Supplied ty furced-air systems,” 


culewutions of radtation dose mics be based. ati, 

Further theoretical studies (R- ‘erence 5) were ‘maite relative to the radiation hazard fiom / 
contamirated aerosols enteri ig Via the ve ntitation sy: gtem. The degree of hazard from airborne 
radioactivity might be expected te nd on the type and extent of duct contamination and the’ 
sequence of “bluwers en" or “bleaers off" faring and ater introduction of contaminated air 
into the system. It was concluded teat, had Condit ron “blowers off* existed at all times, the 
estimated wamma dose would be Fecsced to approximate ‘ty 23 percent of that which would be | 
Based on activiiy ef 2 to x cures: ft? at Pimindte, at-was concluded 
condition wisid result in no reduc: won of con: hat sic sa ie my from ener 


gimma ‘dose. por 
“Tests were conducted on n the ve 


“ms of ships (YAG’ s 39 and $0) 


lation and ee sv 


these tests, it was determined tha 


“for the senasiers peeciiar to Operation Castle, an av. erage e 
atrborne- eactivity concentration . 


saprotected ventiation te St comparinients was on the order (02.5) 
Data from paper-' ve 


lower values. : ; : 
The contam', ating. ev ents durire : Castle’ were hasicatly dtiterent. trom ‘those durin: ‘Shot Naker. 


Wem. USE ah rhe edad saa eet batt Whowwame . 


AL2.2 Inhalation Hazard.) Acute bioteacal injury eesulting from exposure to airtorne radie- 

_.. active fission products i in avrosol form, af any, would be caused predominantly by the external 

“ cawhaie- buddy Tl adiahea (Relereiae Th. Reputs from scvcral Te Ad studies atte septs d ta delineate 

the internal rad.ition tazards due te inhalation of fallout (References 8 throurh 10). Inthese | 

Studies an ty the orctoal caleulatinns (Ftcference 11), it was detecmined that the inhalation 

harvard wis snail cunipared with the cori omitant exter nal radiation hazard. ba 

“tn the Held studies referenced above, though litte or ne physica v sharactir ization oft the * 

; tallout material was Aceumpished, the Callout was dry and insoluble. | No field data cxisted on” 

“the pussitte inhalation hazard associated with an underwater nuclear detonation: Afier such an 

“hs vent, the inhalation hazard archt he ecisideratly greater,’ bwrause of fhe issitle high acra- 
aot concentration and the +: ‘uirle dauure of the contuminated sda water wo rosel Laboratory 


ents ineueitei: seer tied care pete gt! 
rar the svuae m eral wea ry Reterence rep. 
* Accurate me asurements Of particle size, vir tunes ntzations, isholin: < Spectra, wind other 
phy sical claracteristres of fallout material in the field Sttuations of Variwcs kinds are rat availe 
“able. Therefore, it ts difficalt to simulate field ennditions in the laboratory. | ‘Eapress me the 
internal radiaticv hazard i ternis "of airborne’ Gor centrations and exposure time thes mH 
‘accurately indicate the radiation dose tu the lungs ir cther tissues. Alse it) ‘is dutticute to'chars - 
acterize af inhalation hazard in‘terma ef Ua chenueal- -physical propertiss af the seresol, 
Biolowical samples in the form of srial animals hive been used in laboratory inhalation 
Studies and provide an empirical method for assessing the potential inhalation hazard to’man, 0)’ 
Mice were used in the laboratory exper: ments and were Selected as one of the animals to be 
Used in the tests. Guinea pigs were alen setected for use, lecause {t has been found’ (Reference’ 
“43) that particulate matter of approxinately t micron in diameter is Seat od most easily in: 
“both man amt fainea Pigs, arprosimstliy 50 peer | in alan ee Sea ag 


r wren that toa yreater 


1.2.3 Experincentat Considerations a and ronaee ot Tests. “The iatiawing is pres acme in ii 
"of experimental background, as experimental work on the inurews of radioactive materials sus- 
"pended alter Operation Castle. oe nea Ct 

The radiation sources ‘contributing to the radiation field in a shiphoard compartment miy tie 
_elassed as: (1) airborne and deposited sources ciweloping or deposited on the ship's weather >," 
: surtaces, (2) ‘aaterborne sources, (3) airLorne and deposited sources within adjacent compart. 
Merts uf there is itidress, and (4) airborne and depusited sources within the comparinc nt if 
there is ingress. In any compartment in which there is lngress, it may be necessary ta con- 
: aider separately airborne and deposited sources in cucts or structures within the corpartment. 
? This consideration ‘apples to any vertulat: d compartment contdinim: supply ducts lind blowers 
“and is particulurly appleanielt to firercém. ss aith thear boilers ind avsortited hipth- capacity air 
‘systems. ; vie : 
“The dose rate ‘in a ‘compartment is the sum of the aoe rates due to ipradation iby artis smirce, a 
: “each. dose rate’ con:ponent Varying indep:e acently ds a function af time because of chanying amounts 
of radioactive material, distance, ' iertening Shielding, and Various decay rates if fractionation 
varies dmoiy the several sources. “The above-mentioned conside rations make it obvious’ that the 
y external dose rate in an ingress compartment dae onty to the INiess of contaminants is nude up 
. _uf several Components ard that the sum ¢ of t these eens ved Book on ty. a ‘trae tion ot ove Foal 
“| dase rate: : 
— Considerisg ony Y dirburne nd a. posite 4 Fadivactive mate rial in a vied ated’ Ompartment, 
eo Figure UA cepri: sa hypothetical relation betace nthe aniounts of total airborne and di pout is 
ed material ws a‘fufiction of time. The frst line perind, t tot., represents the badup of , 
"material prior to any’ exhacst and is depe sient on the concentraticn avatlable in particle sizes 
thit can be carricd through the air sopply system, ‘the raed rab air ee and ait distrib 


: a 


aii heen rae | of the i aur cuf tents belore re; acide esau lerminuis: 


“\, “the! amount of material in the compartment tut also on a number of variables such 4s radtoxe- 


slopes aad times of peaks. 


iS was ventilated and the other scaled and the dose rate ditfet renees due to Unequal ste ding deter- 


Durr. vy ine Soe id tune peri: 
“od, 2 t, tot; there as both intake and exhaust of matettal, ‘ty briny the tite ‘ahen uilake eoases. 
Rither during this Piriod or soon alterwWard, there will Le sume time, pertups only ‘momentary, 
mo when the rate of iritaie iw equal to the rate uf exhaust plus the rate af de: position, ‘and the total” 
‘i matertal curve may ‘be flat. During the final’ period, t, tote, . exhaunt is the ouly mechanism ee 
f: changing. the amount of material in the’ compartment. , : : 

“. ‘The equation givea in Figure 1.1 for this period is based on the Sisamerucd that the raten’ of 
: ha: nge Of autwrne inatertal due ta -‘ahaust ant dee te deposition are each proportional to the 
“amount ‘of airborne material present. The equation demonstrates that the rate af which mate-” 
rial is enhausted from the compartment is depemient on both depnsition and exhaust rates. 
Thus, ‘the ‘ayher the rate uf deposition the more rapidly will the total material curve appraach 
tabd tepeiait Value, “Deeause thege is less material out of a civen ‘total tw Yee evhaustesd for 3 a Sie 
een iS te 2 ass ox Saust. : d ! ; 


, “same as javen above.” The petaeipav ilutferences, are that during the: steond period the curve . 
So nay be flat snticating 4 constant amouat of material inthe compartnicnt due to equal intake and © 
wre xhaust of snaterial, and exhaust air movenwint alone yoverns the rate of deptetion of niaterial 

‘-\in the compartment after intake has ceased. For the final period after intike has Céated and if | 
_ itis assumaf that Che anaterial is unmfornily distrituted. uniform concentrations throughout the 

st ‘compartment-~-the Ailution equation given ta Fipure 1.2 may apply.” Because tn this cuse the ” 
rate of material renioved is equal to the rate of change of air in the compartment, hut constant 

& ts equal to the ventilation flow rate ‘divided by the compartment valume. al 

oo Figure l.3 represents the case where all material iv leposited Immediately upon {ntrochiction 
and may more nearly” approxiniate the action ina ‘boiler and its'air syste: m than a ventilated 

* -ecompartawnt. The assumption in this case aiplies that rapidly ‘acting forces such ae impaction * 

i from a highew velocity airstreani are the princijal mechanisms governing particle behavior, ; 

Gamma dose rates due to radioactive materials in a compartment are dependent not only on - 


aa 


tive decay, distribution of material, ‘and photon energy. Any of these factors, particularly 
decay, ‘whied 33 quite rapid at the early times. alter shot that are ‘of interest in these te sta, © 
when used to convert a material curve toa ig rate curve (or vice sue my change the 


Po oA direct measurenient uf dose: rate asa 1 function ‘of time, dig ‘only to the maecoe of radivae- ; 
‘we ‘material, can only be: made ina compartment that ‘is shielded from other Fadiation sources, 
4 Siturtion rot found on adestroyer. “two similar compartina nts could be found one of which 


mim d, thea ary remaining dose rate differ nce would be due ta the ingress of radiogctive 
Sundterias. Determination Gf such a shii iding or’ nurm: uazing factor hetween tau’ dose rate 
“ measureme sts at diferent shipteard loc ations may be quite difficult or ist Lest be Accompanied: 
‘by Large uncertainties. Where the irgre aS duse’ rate is'a srriall diffe renee between large” : 
-pumters, “3 dnd may by equal to the unce rainy in the darge rioters, | then’ any determination a 
“ dlferetces is alnost inipessible. ai me 
a Vucerts:cte5 in this estimating technique are ¢ maxtmam for cortitions of rhpidiy changin : 
“nonumivrm radiation sources where the exterior dose rate component ts the principal dose rate — 
ses nelisel “Minimum dneertainties’ resuit when Fadiation sources change slowly, are-uniform, 
“and the dose rate due td ingress {5 the predomicant dose rate compone- nt. dose rates due to 
nere ss can be determined and corrected for de ‘cay, tae values so determined ary proportional 
0 the amount) cf padtoactive material tn the conipartment asa function of time and, with some 
Ssumptrors ard approzimatiors, values proportional to airborne and deposited mate rial may: 
“be peels Seeonre valu of these seetimates to dune rates and inte bratirg Sould Kive the" mat- 
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Furtte Poassat.ptions and apprown ations matht bet 
‘to estimates «f dirhorne concentrations and deposition of material per unit surface arra as a 
function of time . The uncertainties in the dose rate data, assumptions, and appreaimations 
may lead to estimates of such uncertainty that equally qualitative information mniachi be obtained = 
with less etfort from an inspection of dose rates and et relative @ mayniudes at various inea- a 
tivhs of Iavasurement aboard ship, : . “ : 

An alternative approach is the reverse of the alare, the catte ction and ‘ amarerneet of ras 
odwactive material as 4 function of time, using aie and surface Sampler Using the same - 
u appa Station, $3 and Jasumptions as abuve, the dos. rates due to airborne and deposited radio 

vaective material may be estimated and added to determine the dose rates due to ingress. The 
samples obtained? may also be utilieed to determined particle sizes. Szmpling at om exterior 
lacaGen world provide data on airhupae concentrations and particle sizes avatlable for intase 
Seater Vented tte aoe S for conipirise swith Similar vata froay ventilated compartnent aur 
‘ eaten, he cea rey Sate psp ange the Vanseny Hr exci san ones to wir yunply sy ster vmarac: 
lesistics,  Loeawtios of sampiers ina compirtmoent may ies very important. Many shiplewrd 
ventilation oy ‘stems are not desushed to uniformly change the air ina enmpartinent. Samples 
are: machinery Spaces which employ spot cooling and spaces where air- cooling (ventilation) : 
is provided! to reniove henit generated by equipment. In these cases, ‘diatances be tween supply ; 
apd exhaust vertilation terminals may vary considerably, and there may be relatively: de ad air- 
* spaces due to short efreuiting, where supply and exhaust torniinals are located to primarily | 
“ehary i air in'a particular part of the compartment. Thervfore a sufficient number of samplers 
must be teeated on the basis of airflow patterns {n the comps rtment. Additions! samplers at - 
ventilation intakes or supply teriiuuls and exhaust termisals may be used to determine when >, 
vntuke and exhaust of material start and stop if sumples are obtained asa function of time 
“Te otdain saniples us a function of time that may be useful for all of the purposes indicated 
above requires a knowledge af the Ume history of the enveloping event, which could be only 
qualitatively predicted, in Addition tv ventilation airflow rates ane! patterns. 

‘The conside ratlons sitven above were weighed against limitations of time, money, pernannel, 
‘logistic requirements, ain operating conditions to determine the scope of tests aud the types of 
Jjfstrumentation. ‘The choice In scope was between the measurement of all parameters ina 
“compartment, ‘af simple ventilation geometry dnd shietded as much as possible from exterior | 
“radiation sourecs, or’making limited measurements in as many compartments as possible, ° : 
. ‘The latter choice was made based on the possibility of ottaining gross information from wamma 
recorded data and postshot surveys for a wide range of ventilation conditions in the event of 
instrumentation fatlures or loss of sample data if pis ab bt foe arg counting could not be ac- 
Be complishes because of hizh radiation fields, © : ae 
Bightslnies the scope was determined as follows: 

‘Tests would be conducted on one ship only. 
2 The center. destroyer of a 3-ship array was selected ag *Se test ship to be located down : 
wind from surface ze. in the predicted base surge or fallout region. ||, + 
3. “Three compa: tments were sclected for ventilation testiig to cover a wide | Franke ‘ot. ven- 
tiation {low rates and incidentally a wide sanke * rates sl — of air anda Lately of air 
© distribution patterns... ae: oo 
4. Test compartment ventilation gn me ‘woaid ope rate with ain induced airtiow of 20 5 odes i 
gent of normal to simulate the countermeasure of “Liowers off.” Prior shipboard tests had 
shown that, with ventslation blowers off, airflow varied from 0t0 17 percent of nurnial.' Twenty - 
‘ © percent ‘of ‘normal was selected to abel a known sis tian airflow to simuiate tountermeas- a 
“ure conditions. tea ae : eee 
a 's.° In one firéroom, which « was rot used for any ther purpose, tell. -power airflow would tbe 
“maintained through an unfired bover. The ventilation ‘openings: for this con:partment would be" 
* closed so that any rauioarilve seaterins in the compartment weuid be due to ae bage from the” 
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; rted te prmhice de position of radinactive material in the toiler aned ita air ay stem, ia the | 
‘seine amount that would cecur under full-power Goer aliny corilitions. This vitect wonla be en: 
eo preted ‘to influenee any dose: rate measurement. 4 ae 
7 { Each Of the four test spaces would be instrumented as teasers whe 
; “th. * Ganuna-inge nsity- *trme recorders (GITR's). eo ; 
2. ‘Ait samplers to sample asa funetton of time,’ “using an n available sampte designed 1 
° Suparate partictes tate several ranges ‘of particle sizes. af 
cae | ‘Surt ‘vee samplers as total collectors of dvpunited aalecis: 8 was net leadvvie to attempr 
ty obtain these samples as a fuuction of time. “The Samplers were te use an available files wur- ae 
on “face that could tee used to deturnitiv: particle sizes bv microscopic examination. : wt 
4. Gutned pigs and ines aduld be Used for inhalation studies. - : t : we 
Nee tase oe ‘Weunist, wees that wil! tne feserited liter, no ale sample cata was ‘eleainad ai 
aiinil CHieety Of Sortie umd Sait on the wiglace saniples roe . 
Ww dual particles. ae oh ea BAN sa : 


“a foinel vot tame. leeds The d 
a “ups sible t t distiriguiah’ 


AQ tHeoRY 


oe “The techiuqacis, Ssuimerinnn: and diwpros a atibes re’ to estimate vite dose fates and dose 7 
“ue to the i Sed ek conta. Minants are e described below. ere, 5 


1 3.1 Esti ai ates rs of | Duse se Ratts ‘ue 1c to" o: Radiation $3 Sources ‘Inside a 1 Compartment. Two eeneral 
: methutis ‘Whe estimating § dose rates due to the in InKr ess 3 of contaminggts sere discussed in Section” 
2.3 based ou gamma‘dose cate me ‘ayurements asa function ‘of time or vache on radioactive eae 

“. Material collections as a function of thine. 65 e oo 


. The ak in the firnt method are shown graphically’ in Figire 1 4. as betore: 


: o = time at which intake ot ~alioactive mate rial starts” 


va time’ at which ciahalist vt radioactive materia) stars 


ot time at which intake of radioactive material stops” 


_ dose rate at any time't in Ingress compartment A Hf rafts 


“Ry - dose rate at any ‘time t in honingress compariment or en deck t not Hn alleed to 
‘dose rite in ingress ‘compartment - ; i 


oo : { = dose rate component at any time tin ingress compartment ue to ingress 


‘ Re = ‘dose rate component. at any time tin ingre ss compartment due to c merior 
: : * radiation sources ee ; ea 


= horimaitzing factor 


= time of normalization’ Re 


“time after envelopment and close to estimated time y when ti can n Feasonably 
be Histinguished. ; : eee : : 


or ae SS : Tie hypathetieal curve 3 slown owe their akape to ‘two env clopments by iasatos sources ; 
aes errs : | the Case for which data was obtained. © Determiz ‘ation Of te may not be possible fron: this data 
ee al “>. alone, ty cannot be dete rmiced and is therefore negiccted, however tz and te for: estimating 
. | parposes may be determincd aper eaten tuts from eecayene ceetell dos rate data and any onee 
ee evidence available, -¢ 5 : ; ee 

B07 In the first step, Figure 14a, the tine tet ts ieglecica idating : a period when nearly aio ora’ 
is major ak of the dose Fate in an merese combictonm is due to mace emerlor eactatiog sources | 
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t he Si = 
Ry ” “F Vs @, to ty 


Assuming (ised Np ie cunstant, Une 
Ry - Np RY eT t« tM 


7 seems reasonable that I at ty should be at ivast ‘iad to or creater than 1 at ty, 


‘because of some combination of aipburne and tlepowited material in’ the’ ingress compartment. i 
‘Assuming equality, a new normalizing factor is derived. Then : 


‘and a new [ {8 determined at time ‘ny, using the new normalizing factor, The] process is re- 
peated until there is no sigrUicant ehange in hy or Np and it is then assumed that Ry. * Rp 


at any time (Fipure 1,4b). 
q at any time t priaven t, ‘and te may be determined wheew 


Tema Re” ran de 


ae ae re and Ret eM pet ae - oes 


roy 


a ‘ina addition to the incertaintioa. civen in’ Section 1.2.3 tor this method must be added the uncer- oe 
‘tainties as to the correctness of the nurmalizing factor and the assumption that the normalizing 
factor is a constant. : f is implHeit in this latter assumption that the dose rate measurement at : 
each location is equally influenced by all exterior source geometrivs. ae 
The second general method of estimating ingress dose rates discussed in Section 3. 2. Iwas fe 
“the convérsion of material collection measurements ta dose rates. The basic measurement = 
‘required to estimate the dose rate due to airburne radioactive cuenta is the determination of 
‘the concentratio: of airborne material as‘a function of time. The dir samples omained were | 
“:collvcted as total samples for a 2-huur period, Therefore, rates of collection had to be ap» © 
‘proximated, which together with known-air sampler flow rates could be used to approximate 
airborne material Concentrations asa function of time. The time of start of intake ty was. 
estimated from, yamma data and the time when sampling stopped was known. It was assumed — 
that the influx of material was’ instantaneous and complete at time t,, and that thereafter the 
“airborne concentrations were reduced only by exhaust and dilution with clean alr, 
‘The equation for conversion of airborne concentrations to duse rates is given in Apocaatx: A 
based on the determination of the dose rates at the center of a sphere whose volume ts equa! to ; 
© the compartment volume and the assumption that concentrations of material are uniform through-'— 
"0 Se) out tus volume. This equation was mechficd to include the approximation kiven above for ap- 
“ s portioning the sampte collcetion as a function of ttme and is also de rived In Appendix A. Total 
Te aur sere ‘measurements were in terms of fissions, and the equation is: ‘ 


R a +10 


MKr, 


. un 
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gee manson rads of the sphere, comimerers: ; 


te convert the wats ‘od the estimated ictorne contentrat ons vin the tem coimpartauert rom 
; fisyem’ to pequlvaters poem at any time te the’ following was  ased : 


Salen ee 
A - yo ba 
per . Vv; K cae 5, 


“A: _aittore concetitration, uc/em 


rere nirat ton as stove, {i siem 


: XX: valve of the dusiniceratvon rate of joist ‘fission peorudl miature at’ varies ‘ 
“times alter slow neutron fission of 10 atoms of u ade dis, (ie fis-see) 
(Reference 14) ; 

Kg =) 3.7 104 dis; (ue-see) 


a For the assumption of constait concentration 


ae ON, F ‘ 
4 i = a i 
’ Vy w rhe it 


Where: Fs total ‘pumber off fissions Collected on sample ie a re 
wo Volume of air sampled, em? ad eae Weta, hgh hoes Sak 


- Estimation od the Mose rate at the enter’ of 2 ‘Soupatiuem duu to radioactive onatice: al deposited 
“an the compartasent decks Of bulkheads is based on matertal ‘deposited per uait area as a fune- | 
P ae ; tion Of tine. “Sampies were not collected as‘a function of me, ‘and onty ‘the hiost head iahart 
ae ert _imations will be mace, | They wtlk be ‘deserityd later as applied. 
ees oe i “For a measurement of deposited niaterial per unit surface area, ‘it will be seccwea hit the 
fe Agee | 8 Be total area (deck or bulkhead) is Uniforinly contaminated and the shape of the area Is a proximate! - 
i ; ‘ es ed ter a disk of equal area. The dose rate is then estimated fur a pout aluve the Ceicer of the 
5 3 ae ‘umformly céntaminated disk. For the case of a ster eily roataminated disk the teens equa’ 
Si he - ton, derived in Appendix A, is aed: a Oo a ‘ 


eh eM mae ie ee R stages itt = Gun ae eee BNCg Oe Aas eee a; 
- Where: oR = dese: Fate it h feet above the center ‘of a uniformly conlaininated disk at : 
OR RR time t, 7, hr’ : . ae “b 

= maximum radius of disk, feet 
+ sam: pie count rate, counts; min’ . 
* decay factor to convert dose eatee at time of f sample count to dose r rate at 
Sime G ‘dunensionless LS thd My on 


. “sampie anes in? 


“2 panama ‘iter Mew, photon = 
ya detect ion e{ficiency of counter, counts pickon a 
= pe rperdicular distance of point ‘from ie fea” 
E conversion factor for’ ones 2.6 4 107? ?-min em’-sec | 


cae | ° 
a) 


” we, ” 


crates re tears La pe tod rive aire} 
‘adequ te for Gone ses imiatiig purposes and, for the data oltained, should provide aa overesti- 
wate dather than aa underestimate o€ dnses. In the ‘dir-sample-estimating technique, all of | 
“the muterial 1s considered te have been collected at the beginning ef intake of material. The 
_ welfect bf deeay la thi case will compensate tea large Avaree, or cvercompensate for the fact © 
i ate me male came aa at tater times or vas ‘ta the rbae cachet for a longer t time pertod.’ 


(Oa SeCpaty history. However, trey should ie: 


ae 312 tahalation Masurd. The occurrence 43 an inhalation’ tdisire trom ‘padivactive aévoacis 
«may be determined Ly measuring the uptake ana retention of airborne radioactivity by the re=' 
u spiratory system of small animals. Precise’ evaluation of the internal radiation dose from °. 
; mbatel radwactive contaminants is difficult. However,” approximations, based on experimental - 
data Gbtained frum animal studies, are feasibic (Nferences 15 through 17). ‘In these studies,” 
i thee Ama id cmuttios Sstur products are us sd os the basis for estimating beta’ concentration in 
= , font Portege mast earl the eirce of Sete carticlen is darfined to the organ or tissue cone: 
of tain ‘$ ihe vontainaaunt.: Calculation of the tn ta aose is essentially anc mMimate of the meta 
* enercy made avatlable by the decay of a quantity of the isutope per gram of tissue, ce Teaga Bee 
eae Th Calculation of the dose ts based on several assumptions: (1) the gamma activity ot the’ eae vy 
“-Contatinaat per gram of tissue is aSsumed to be proportinnal to the beta activity, wher cor- io a ae A et : 
" pected for the ratio of beta particles to gamma photons in the fission-pruduct mixture atthe ; 
time of study; (2) the radioactive contaminart 19 evenly distributes in the organs; ‘and (3) Cal ue 
beta cherry emitted ta 79 organ is completely absorbed within that organ. f 
An'approximation of ihe dose rate to individual tissues can be je nsined by the 1 use of the 
: es equation | Reierence 17): oe : : aes: 


yb oe See ben een en ca: 


. =a 


‘factor for conversion of units, 1. is x 107* min,‘hr, ered ‘Mev, rads per ' 
erg, ‘gram and includes a facies ot r. 2 to convert & to beta disintegrations * 
mie per mirute y . 
,Q >= gamma activity of each chincee at the time - sample court, dis/min : 
; | Wwe weight of tissue, grams ins 
Ep = average energy of beta particles at iis t, Mev ‘dixintegration, 0. ce 


" 


es wert: Ry Te dak wars ar tins t rad/ne 
o LoaK 
| 


we Dose ‘rate or activ ity asa function of time changes due to both radiological decay and boidg: 
teal processes. These alee curves as a tanetion . tlme will be peterrea to as turnover 
curves. . 
: - The total dose tecened Aitines any ; time interval may be ottained by itegration o - Re over 
the Mime | interval in question, . 
a ; E ‘BoA ly ae sta oe ; ; a 
i “D Pa xe At es Ra = fe ee ; 


ne ee ee 


‘Ds dose in rads Beles Time a and Time a 


The oryans of guinea pigs and mice invest: ‘cated in this Seivect § were the alveolar tissue, | i4 
a ‘large ‘intestine, smail tatestine, stomach and escphajus, liver, heart, kidney, trachea, nasal 
“passage, spleen, and a tibia. Alter Sha Umizeila, counts of the thyroid were also made.--The 

activity obtained by counting the remaining Rares, when ucded't to the total count of the organs, i 
as resulted euhonbea! count. : . : sigetanie Cee 28 ous 
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aoe 


io nomen ae Sf 
“osutaphon of the casas 6 of ¢ 
i _valwe’s as olserved in the guinea pigs and mice, aa estiniate af ihe duwe from inhaled reateriah 


‘ia man may be made. - 
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ey a PT Oot *1)+ ols iat 


OF Vet FNL LY WLOLs 1 - 


A = AEROSOL WHICH wite : 
: BE E EXNAUSTED ae 


RADIOACTIVE MATERIAL. zee Las pe : a 


Figure 12 ‘Hypothetical curves for the ingress J of raddinactive 
maluriah,; assuming all material t to be’ alrbarae: 4 oe 


~Ts7erau 
D2 OEPOSITED 
APaEROSOL 


RADIOACTIVE MATERIAL aeons = ma ‘ 


Stas enn 
— 


TIME ; 
: ae a 


Figire 1. 3 “Myputhetiea! curve foe the. ingress of rahoactive 
material, SSabining | all material t to be deposited: 
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DOSE RATE 


ito | sae eh ty ee Nigltg sre = oe 
NO SCALE © 


-@. FI9ST NORMALIZATION 


Ry =Ry2l s AT ANY TIME {> ~ 
Ry Re, DOSE RATE DUETO 
: "EXTERIOR RADIATION 

SOURCES 


DOSE RATE. 


os TIME 
NO SCALE 


a 


“D. SECOND NORMALIZATION 


Figure Laos: BS int vemalizing noningress ‘compartment ide raics tu ingress on 
sjeomnanimes: ose fates to ois dose rates due to eaare SS by thife rence. 
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. 2.1 INSTRUME NTATION 


2. 11 Gaus ime “Mite: “natty - Time’ te corners (GIR! ‘s). These rairgmona ‘consist ot two ree 
care amt rte nmivation chambers with ‘ele crramete 8s connecticd ‘twa cable to a hattery- 


joe ed ey 


“even 


tye hire peor 


hve werent 8 abe reeepeeed pa aw ante inion: Shien on tw * 


ree orded oi ‘Care channel. Thus the time betwee pulses oF pulse ire queney iy a measure wt 
3 Mose rate. Tre noiayial dase rate range 1s 9 mr ‘ht to b7,WO Phe. . Syne ‘ : 

(Tu se Gnits were sheck-mounted with the center Of the chamber senaitive volume 3 fert above me 
the deel. € smiling cous wert provided around the ele ‘clrometer case when units” ‘were instal ted 
mh lich - lemieratare compartnients (Fivure 2.1). : wget ; me 

A detailed de Seription uf the se units and the calibration techniques ited | is availatle in Ret 
erence 18. ; : agit a “4 


ese ee Total Air Sampler r. The Sampling head (Figuee 2.2) fue this instrurient contained a” 

a wa AR- inch-wiameter Glter unit. A pre-hiter of Hollingsworth and Vode No, 10 niller paper rand 
: Mine Safely Appliance 1109 filter paper, backed by a Millipore filter did supported ona wire 

Se we we PT sereeu, was used. An airflow of 10 {0 min (cfm) was maiatained by an NRDL constant-flow 

eo es Gina | suction unit (Faure 2,3) developed tor use ci rin: Operation Castle and duseribed in Reference 

Bots pe (Seo This sampler was intended to operate contunuodsly from H-5 to H+ 63 minutes, < 

Airflow calibration wits ace omplished by adjustnient of tre ‘constant- flow control valve ne 
Sing a Calibrate d Flowrdtor to measure airflow. ~The Flos rator is a metering device designed 

to Measure Suid flow rates (Stabl-Vis Flowritor, Fisher- Porter Co: ). Bane = 

<2 phe total arr sampler was not shock- mounted. The sucvion unit was mounted in a nearby / 
* gonvenient location and was Connected to the s- empling head by Pressurciles hose. ‘The sam-" 
aaa head was: Fount: sy on pipe stand, with the orifice ueaaelsaees 2 fect above the deck, 


2 rm 3 “thereme “tal Air Simpler’: These cctaisied of ‘three Lusie unite: (Wa a constant- new : 
hue “tion unit, (2) a Ledex solenaid-op -operated indexing head connected to a valve in'd10-port : 
ees transtold, “and (3) a Kroup of 10 Andersen sampitnit heads: The sélenoid was ‘controlled by a> 
‘ Saimin circuit to sequentially open the 10 ports ‘in the inanfold at preset time intervals. By 
this mrins, One ‘stiction pump pulled air intura t trough each of the 10 Andersen sampling’ 
heads. A timing Circun falure resulted inthe use of arly one sampling head at each installa." 
(of twa therefore, this dese ription will be confined to the Andersen sampling head and suction 
“. Lounit, though tie tume “ine re me sta Sampler” aut be used the vurchout the report to ali ae 
‘this air Sampler. 7. : gos 5 : oe . “ ; 
| The Anderse ti samplins whe ail, as modified for Py oject 2 2. 2 consists of five Sages’ ‘with an 
a ery MEUEG abev co the entrancé drifice to prove at matériai from’ ‘fallang into the flest Stage ; 
(Fi ure 2.4) Elen of the first tour stages corsists of x jar torated | rive tal plate. The particle- a 
-Sbaate air is driven throu, httae holes, prodsc ins a jet ‘of war a canst a filter paper ona ‘plat ae 
re. pose anh of the particles’ on the tit ter is de perder, ni upon ‘the size; density, and veloe~ ; 
ity of Ue particie. : “The air then passes ot er the edge of the collection plate and into the neat 
Taye. The boir ize in the perforated plates 1s Smaller ineach Succeeding stage, producing 
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Pe Sas ee 
la the avestroas i : : ee 
- The callcdiey ctaracteristies ot the ‘Simplin heal were determined by acjusting ibe ae iow a 
fs throu the head to 1.0 {t?'min and exposing it to acrosols of diocty! phthalate for several harrow 
ranges ef pirticle size (Figure 2.5). Wall loxses were cvtermined by exposure of the sampler 
to aa aerosol having a wide rave of particle sizes and tavged with radiosctiv ity. These wal 
_ losaes were fonnsi to be approximately 4 percent of the tetal activity passing throughs sampling 
bead. In order to maintain ar velocities through each stave equal to the calibration veloc ities, 
it was meessary to use 2 suction unit that would maintain the calibration airflow of 1.0 {13min 
"aver the range of prossure drop caustd by filter loading. The A.C. Schinidt 2-APR constan- 
flow suction unit with a capacity of 1.5 [2 min (Figure 2.6) was used for this purpose. The” 
|. Suction unit was adjusted prior to shot time to pump 1.0 {t?'min'as measured by a Flowrator, 
» which was previously calibrated witha wet-test meter. The principle of operation of the 
Sennaat cor stant: tow: unit ww the suine to Mat of the SADE, 10- ne rin canst: rte il suction | 
unit (disure 2.2), : 
A red leremental air ‘sampler Station as shuan ia Figure 2. 1. The 12 titer /eun'p cine 
and battery-powered saapler stuwn were installed Lot did niet operate. The supporting frame- 
work for each station was shich-meunted, sine i aa orifices were Secisinalsys 4 feet ret 
above the deck. : na ” 


gee F ae Sees 


, 
ioe 4 


; cay 4 Animals. Guinea pigs ‘ana mice were used for the inhalation studies, The : animals: 
‘ were af approxmutely 3 manths old at the time of exposure. «The average weight of the guinea | 
> pigs was approximately 460 grams. The average weight of the mice was approximately 25 
Grams, A total of 148 yuinea pigs and 146 mice were shippest by air to the test site, ‘where’ 
they’ were housed ina portible factlity (7+ by 7+ by 7-foot instrument huts) under controlled 
F conditions of tenperature and hwestaity A similar unit was ao to iitguasl the cotamian ce 
animals alter reeovery. ; 
 . Each antral station (Figure 2. 8) consisted of three rapes, aieh b petvilttoned into four ieciiona: i. 
A sia pig was placed in each of 10 sections, five mice in each of the remaining two sections. 
P The Cares in the four closed compartments were equipped with a Cuoling system desipncd to 
\ pass chilled water through tubing. installed on the two solid-side panels of each cage. A tem- 
: ‘perature-sensing vlement was mouated in the center care of each station to control the water 
woe circulation.” Fiyare 2.9 is 2 schematic diagram of the cooling system, which also scsved all 
. GITR cooling coils. This method of cooling was adopted so as to permit the animals to lose 


botues, whieh required the animals to lick each-crop from the end of a'small tube, were in= 
2 stalted in cach cage in such a manger as to minimize contamination of the *~ ater supply. To 
“. ensure that internal contamination could resuli erty from inhalation, ‘no food was provided for : 

the animals. The animal cages were mounted cae 4 feet above the deck, The cad i 
wae dictated he practical mounting considerations. - i salts et es 


15 \S ‘Sirtice ace Samplers. ‘Strips of gitcwateglecaative film % by 1 inch) 4 were » alt rd to | 

metal ‘plates the size of mi mucroscupe slides (1 by 3 inches). -Two Pe ixh etreular holes were 
cur in cach plate to Permit examination of the film uncer'a microscope.” The plate- -and-film 
units were ‘attached to deck, ‘bulkhead, and overhead surfaces with tape. The sampling area 
was approximately 2 in?. Detaits of film preparation and calibration for aroe aire dutermina- : 
tion are given: in Ref erence 19. : i : 


Mc sik 2h. 6 4 Tamperdture-thimidity Recbe Re corder and and Coming Appara' iratus. Bede Friez hy ercinees 
: : ‘Mo.taphs, ith a temperature range ree of 10°to 110 F and a relative humidity rance of 9 to 100 
percert vere installed in each test compartine mt. These are stock instruments a reaeenk no 


Peer ue Hecorset erie is driven ste av sees eigen neeaam: . 
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body heat by conduction, climinsting the need for urdesirable dir movement. ' Drip-type water ML oe 


ONE as a wer 


as tha niin: tipo AW Sit if wud AW 

and dealer. Mt was caltbcated sth Cs! Sal, ind cei source . 
"Air and surface Sapte activity was counted with a Radiac AN; upie- 9 scsier using ‘a Nal 
- lerystal scintillation- detecting unit.” Activity, determinations of air samples whose count rate’ 
“was too high for the LDR-9 were made ina 4- ' ionization chamber. ‘This unit used a vibratiog 
: téed electrometer and wis calibrated against a cs? and a radium source. Laboratory 
“determined conversion factors were used to convert + : Jonization ielamper measurements te 

- equivalent UDR-9 measurements.” ; ; ; 


Rone 2 ? Test ind Ins:rument installations. The ‘insirimenti described see, with: ihe excep 
oe eee <-oflon of the counting cquipment, “were installed ot the USS Howarth (DD-592) at locations shown 
maanges | Saka OURS aie w ta Fipure 2.10. (The complete GITR array is shown tn Figure 2.11. Three Spaces were wtilized © 

; ae ‘for stirties of conta! ination we Tese VIA Ventilation syste.nsy the alley, the alter (att) crews | 
arte gS) “and the Sorter een et room OF tiniees 2 2.12 thruasn 214 stow the urranceinert ot these 
spies anda Reser atic drawing of the ‘aic systems. A Slower win mstalied in eacn vais? © 
Me S¥Stem ta indice 20 percent of rated airflow. The galley and crews quarters were ‘stripped of 
anast equipment to provide room for inatrumentation and to eliminate: possible curilamination of 
~ =the equipment. Although inoperative,’ the after engine roum was not stripped. i 
os: Ofte botler‘and the asseetated combustion ate system, located in the after fircroom, was’ 
2 Utlized for studics of ingress via boiler combustion air (Figure 2.13). “Nos.'S and 6 foreed- 
*. draft blowers were operated at full-power capacity {approximately 24,000 ft?’min each, seit 
+°48,000 ft3'min), forcing air through No. 3 boiler, which was Unfired. All fireroom openin¢gs © 
“and fittings were secured of blanked so that the only source ‘of contamination into the ‘working 

“ arcas was the lcazage from the combustion air system, Figure.2.16 shows the peneval a aeranie * 
mens including the location of instruments in the after fireroom. : 

| y + Jastrugentation in cach of the test spaces was similar, consisting of a GITR, ‘two ¢ or three’ 

2" ingremental air samplers, one ee: ale’ sampler, purine eamlerss an animal station: and a: 

o-. < bygrothermograph. ; . 4 

US. Additional incremental alr samplers » were \nstalled to sample air ta venillaliod- ‘ake hous. : 

ara ings (Figures 2.L7 and 2.18), in the’ after’ uptake space (Figure 2.19), and onan instrument — 

a plattorm constructed atup'the forward mun director. . “An additional antinal station was also 

: lucated on this pladorm. 3.00 o “ 
Bos s-.- 2. Surface samplers were taped to decks.” ‘utkhedds, and overheads in the four't test compart: : 
ES ane ‘inaiia: compastments containing ‘ventilation-intake® housings, ‘and the alter uptake space. ~ 
nee - Eighty surface saniplers were installed for each shot at’ locations shown in Figure 2.20. 
ees Two instrument-starting circuils were ins? alled, one ‘forall GITR recorders aboard the ship 
“(Reference 18) ard one for the air samplers, an’ ‘integral part of the incremental air sampler 
~ timing circuit. “Each starting Circuit was composed ofa “relay system acaivates by a master whe 
relay connected to the Edverton, Germeshauyen and See Ine. (EG&G) H- 5 minute” Fadia’ eee 
- timing- signal receiver relay. : ha ee 
Power for the au Suepiets was supplied byt the ship's s ‘emergency diesel generator. 


ee 20 8 Test Compartment Airflo Airflow ‘Chardctértaties? Pertinent coed peirtencet and airfice data © eee te ay 
sds given an Taby 5 2.1 and 2.2, The. o.data demonstrates the Cross differences in volumes, flow: : ae 
fates, and conse jient rates of air Change that led to the selection of thes ge compartments. In- 
vidental ‘to this selection was a variety of air distritation patterns. ‘Sections of both the ‘galley 
‘ard engine room'were relatively dead airspaces, ‘whereas the crews ‘quarters had a'relativ ely 
uniform distritition of air. Each space had a differert air devivery: pattern: in the galley,” ag 
‘through three openings in the overhead across the compartment, the aif delivery was vert ay. ies 
downward; in'the crews quarters, air was detivered vertically downward about a fuvt above the 
eck from s(x ducts; and in the engine room, air was delivered via thrce ducts to the upper 

tev hie and one to shed atacand levels at an acute angle to the ‘horizontal. In this mute Sane, au duets: 


fhe Wi, Stes Ges Ve Canc RN Tan AG, Ae Soe Ae Os 3 9 
‘ ach cons ypartineot (Figures dog turauysh 2. 4. No survey Of arr chews os 
ie assnle {though plained), andar samplers were lneated in what were jadxed to be priveint 
airpaths. It can only be qualtaiwely stated that dilution and dillusion elfects were Aonunifors= 
in buth the galley and the ennine comm, Laséd ou the vate cl Cha npe uf aur and the Vartetion | in = 
distances between supply aad exhaust terminis (Table 2.2). — ie 
In the after fireroom, the only air move ment would be due te’ the pressure created by the” 
forecd-draft Blower (8 to 16 inches of water) forcing air out through hated and ventilation seals. : 
This would be expected to produce a rather slow movement of air to the overhead. : rk 
1 Although the after lireroom (Table 2.2) was the only fireroom desymated as a test space for eat 
this project, GITR's for Proseet 2.1 were t iidtalled in the forward lireroom. This GITR data 
my as Aino useful to Project 2.2.0 Ta the forward fireroom, | Na, 1 boiler «as fired lo eupply steam 
“te operate machine ry ut the f caard engine room, Combustion airflow 2as about half of the 
hy tam 9h fired voer ur the after Grereom. tn both fire ia le hatches and Ventt> 
od ee Set rd Awainet the mvrese al ‘vomby ane Me: ' ; 


WO TNS Wie 


Ot te ee ent ca arn eee me gel 


Sake 


2. ae 9" Air’ samplis r “tific ‘entry. “In aul Ssinnle r a. siltatiavis ‘in cigs riments and venulatioa 
intake % 3; the Sampler of openine > faced at 90° to the estimated uirection of air movement. In these 
Cases; the averaye face velocny at the sampler intake was estimated to be equal tu or pre: ater 
-oUhan the arestream velocity. However, in the uptake space, airstream veiucitics were prob- 

“ally higher than sampler veloeaies. Further, the sampler locations wrre ‘dictated by space 
require ments and may not have teen in the principal ‘airpath. On the instrument platform above © 
the gun director, the sampler openings faced downwind. Any wine velov ity above 2 knots would ee 
reduce the effic mney of eae: . ef 


2. 2 ‘OP ERATIONS 


Contamination. inereas shulies were conducted aboard the pp-592 pete Stots Wahoo sae’ 
“Umbrella. © This destroyer was a.oured downwind from, and starboard side to, surface zero 
at anuminal standolf distance of 4,900 feet fur Wahoo and 3,000 feet fur Umbrella. Early on 
‘shot day, aninuls were placed :a their cages and Instruments were checked. © Personnel de- 
“barked at H-5 hours for Wa%ou and at H-2 hours for Umbrella, leaving the ship unmanned 
cand completely clused, excep: for alr-intake openings for the following systems: (1) test ven-’ 
‘tation, (2) combustion air’ systems for test boiler and operating toler, and (3) conibustion. 
“air ‘systems for operating di¢3-is. The operating boiler supplied steam to drive the main”: 

: propulsion machinery, which «as being operated for shock-damake évaluation. The diescis : 
were prime movers for ce:erators furnishing power f for instrumentation. “A washtown system, 
activated Several hours prior to shot time, washed ‘the entire weather surfaces of the ship, with 
“the exception of theinstrumes: clatlorm atop the forward ian director. The washdown continued 
7 to uperite until approximate!> H-19 hours after Wahoo and'H+ 23 hours affer Umbrella. ‘The 
wind speeds was 15 knots uri: 2.2 Wahoo and a0 knots during alse: : eee 


2.2 2. 1 Shot Ww ‘ahoo. Folloxing Shot Wahed, the ‘upwind coring rice broke ae and, sub- j 
seque uently, struck tl the startcard side of the stern of the DD-592, ‘leavin. ig the ship moored by the | 
“": bow only. The ship changec pusition, heading into the wind, tt mairzatned its apocosinste ooo 
distance ‘from surface zero. : tae 
: Project 2.2 recovery operations were accomplished ‘on the day alter’ ‘the shot. The: recovery | 

: party boarded the ship atH- 2) hours $5 minut» (1225) to recover sampics, ‘instruments, ee 
charts, and Project 2.1 file - acces, which had been installed in Prosect 2.2 test’ space ‘*. 'Re- a 
-: @ov ery was completed in 35 minutes. No pocket dosimeter Feading eacerded A801 mr. 


2.2.2 Shot Unbretla. “Prestot' Operations diffe red from those for Wahoo in ‘that ‘the majority 
of GITR recorders were macuaiy Started, timed by an K- 3 hour: radio voice Psa soy ‘two fy 


ee 


codepeead ie 


CLI oe = teenie. eae seme enn EeRNe we ny. 


Ces oper ations stirte atat H2 hours; ser th récgvery party mu rded tae 

_ Ship and deac tivated the washdown system. . ‘Recovers x13 completed, the wushcown reai uy ‘ated, 
: and personnel debarked ade a 02 huurs ant 45 minutes. No sal dosimeter reading was sreat- 
er than 200 mr.” ay pete ; . 


»  * 2.23 1 ig. “Dissecting and counting of animal (isues was accomplished 
“in the Eniwetok \Grine Riologicar Laboratory. “The sacrifice schedule ia given in Table 2. 3. 
5 Counting of an Maher collection ‘media was srcomplisir? in the project labora’ on: 


Ly 


Animal tata was aiqaitied 
“tal air Jam ipler at. Veda fancies af 


bite from’ On 


A ote Area, bee TPR hata, cote 


oe ray y wit ue ‘fie Sif, IP MND tet, ras’ aw riace samp lee dita ‘were ottaia 
ae wt dar Vides ahacrt Unibre Ha. All 9: Te feral collvctions made Over a periad cf 
tune Crem some unknown time or are Wal of ratiGactive matvrial to H +2 hours. M ny of the » 
surface Sample s showed? no activity ‘above lat’ xuround. ‘No Uctermiration of particle size was: 
‘ possible, ‘because the saltewate ‘To reagont olin was fo -gH due’ to the humid salt ik ataeepbere’, 
and high tempe ratures. ; eS ond a Boy By Bus ie : 
P Additional data was ‘available: © em Sr i 1s " 

2 A) From Project 2.1 (Reference 18): ‘all GITR daca throuythout the diag ay amma tuniza=’ 
Mod decay data starting, at He 6 minutes, obtained on "He DD-592 (Shut Umbreliar; some GITR | 
“dati ior the forward fireroams Gf the DD-474 (Umbreita only) and the DD: 092 iw ahon and Um: 
Jbrella); aint tiltn badge’data fron the three ships for ath shois. ine ad 
2 (2) From Proyet 2.3 (Reterunce 20): ‘radioehe mie ana: ysis of a DD-592 fatiout ‘aaale Hag 
fur converting this project! ¥ total air ‘sample data to eG sivalent fissions, - reduced photogra] hy 

‘dita of the base surge, anil data from hicremental faliout collectors and an air futration ins! ed- 
‘ment, which were installed on the DD-592 instrument aeons above the forward yun director | ae 
“Ageneratiy re ferred tu as director platform). red is a ee ae ee seer 


232 he duction uf Gamma “intensity: -Time F Data. | The ‘secre tion sot all GTTR ruw data t to finat 
corrected data was accomplished by Project 2.1 assisted by Project 2.2 personnel and is de- | 
seribed in detaud in Reforctice 18. The 'GITR Mametic tape pulse recordings were initially” ” 

. converte d ta dose or Uose rate histories by means of an Analog data reduction apparatus sup- ° 
“iplied and operated by Project 2.3 (Reference 20), ° To‘oitain'a more accurate readout during ; 
athe ‘periods of rapidly Changing. fadiation intensities, the IBM-7C4 computer at the Ralwitok 
“Pr oving Ground (EPC) was utilized. Maunetie tape Gata pulses were entered into (ho THM. 704) 
Vid an wutiinury special- ~purprive ? machete tape udit and gate chassis connected ta the: computer. 
oe Corre tQurs forcaulbratian shifts, radiation source 5+ ometrics, detector geome thes Jor vart-" 
Jous dssimed vimma energies, ahd tinving corrections sere calculated or estimated and applied 
‘to the rie atal The ney started GITR records ad tobe time-e orrelited auth child from ¢ 
the’radio- started GITR’ S. This was’ Accomplished !, So hindine up times of those Fominent curve 
atures vsuch a8 Maxtina, wid the tik ‘that should have eecurres at the sane samt: for all sta- 
tions Aboard ony bie oe hae Be er ‘ aa i tee 
‘On the DD 3% 2, radition ite tes at ate rior ios ations were h: th érounh 19 suturate tiie * av 

GITR detectors, feo ating In wae os the data. An ave ra. e Weather ie ck dose rare history for’ 
this persuade ans « ot fang bata from “PF Bs priate inte ride ineations to average 

weather deka an She dune pe “rod, st prior 10.4: fr saturation. 'T The only faite rior sta- : 

“rT Men where saturation was enero mite re its ug an the eae a ¥ ahére the dose rates during the satura" 
ton (between 27.9 ard 31.7 secords affer ‘shot! were ¢ catumated 8a sunlar fashion. ; c 


mite by norn 


x ae s 


CONFIDENTIAL 


trices and yamua energies: (3: istincstia effects of tiniit.c errors; and (4) the variance of data 
ffom calculated averages where appropriate. In oe rateral the pre i ion of these dita was eati- 
mated to be wethin 220 Percent. This pessimistic vadituate of preeisics rested from the 
‘“Monual starting of most af the GITR’s which created same Uncertainty La the timing od tariows 
TTR records (Reference 18). - ; : , 
“Tas GITR dust rate data was corrected ‘tor dveay. Th curves: were examined tor feavures : 
‘Alat might tndicate the bevanning and end ‘of env clopnent, the Deyinnings and ont of the ingress 
* af radioactive muterial, and the magmitude of de eay- -Cursecied ituse rates that were due te de- : : 
posited material. The decay used was based on prelimirary experimental dita uf ion chamber Jahns? 
dee ay of U4 fission products by J. Mackin of NRDL (report in pre JAralion? paler te He6 min- ep Ge 
ites thd the Priject 2.1 decay dace normalized at Hl 6 misutes, : ; 
Sriatonl were ‘Ut ligeed to ont! 


are et Ln tec ied dene ritech in Saeed, 3. vse 


fut otha dose rate . sue to tee ite ATEN S OO, Saiemeehe Tet Pray od FO ted Of ese dates 


were made for cach ingress compartinent GITZ tasationt 5: The two dose rate histories, which 
dere voraulized to the inuress canipartment dose rate histories, “Sere selected because integs 
ration of the dose rates se ott: ined pave near masxinid arc niininia doses for the data available, 
No“haite of probable <rror can be assigned to the estimated invress dose rates and doses. 
AUC Limits can be ASS) ined lo uncertaiaties in the husic data use ad, this is not trué for the oa 
‘normalizing factor or the implicit assumption that this foctor lor stieiding factor relationships)’ 
were constant. The range of estimated duses is indicative of uncertainty of the estimatess: 


2.3.3 Reduction of Air and Surface Sunipic Nata: Increnwhtal air sampler data in counts : 
" per minute Were aceay-corrected to a common time (ram the time of counting, and the percent- 
igo of activity in cuch particle size range (sainpter stage) determined. ‘The total air sampler 
data was due ay> corrected to the same time for comparison of total activities collected Wy ‘the 
Sine remental and. total air ‘samplers, Upon retern to the latoratory, the total air samples were 
“counted again (the incremental sainples had decayed to very low values by this tinw) and the 
Fi Counting data converted to fissions per sample by al og ‘with a reset 2.3 fallout sample 
: from the DD-592, Shot Umbrella. rae 
he “No time history ‘of material collection was $ deducibte eon the gamma dote rate eatlnie’: 
‘+ The simplest assumptions were used therefore and dose rates estimated at the cunter of a 
2 S spherical volume using Equation 1.2 and integrated to estimate the dose due to airborne: radio- 
wactive material-in the ventilated test compartments, ‘Egationa ee and 1.4 were used to esthe 
tate airborne concentrations of activity, : tb 


“ ‘Surface samples were counted ard, for the only sichificant cade of asain the eee 
Sample activity wis used to estimate dose rates and the cese due to deposited ‘material. ° i 
No limits 6f probable error can be assimed to estates hised on sampler’ data.” The” 
Approximations and assun.ptions were made in such a Busner as to EDESs ide maximum dose 
estimates for the duta oWained. ; ; ; 


; 


2.9.4 Film Bade Data. Phe datd sad uscd talent GITR data and to supplein 


ent GITR | 
‘sag it) some snstances, to estinuite in.: ess doses, of to'rstablish the relative nivacottude of 
doses between Varigus shipboard locations, between ships and shots. iapress doses were | . 
‘estimated by the aifferences an doses between ingress a: @ the most nearly physteally similar | 
SoRURInpress compartments. | No limits of prolubie error Can be assigned to such estimates for’ Es 
‘the sume frasons caver for GITR-baned ingress tose estimates. The film iudye data hae he cn ee 
assigned stand. urd limits of e rror by Erueet: + y. (Refere?: : ; 


ce ha) ee 220 PE Foont. 


2. 3. av. “Anim al Tissue pie " enlimats were eacrthicead: tissues scounte 4 and activity totaled | 


at Varios times. The sacr Uice schedule for both shots is eke in Tally 2.3, Terause of 
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cs a8 a farction oA location and the relative ‘magnitudes of whole- -body doses compared with the’ 


anelades r Noreal ide cay wt Naieal elintination aaa {4 not time, : eee em 
50! Uf he bate recovers following Stout Wal, ualy Riddle: section of the radiotoyl- | 
‘eat-bivie sical decay curve (turnover curve), from 40 to'185 hours after detonation, could be 
wh led tend. ARG Shot Umbrella, recovers wae m “de at We? bowers, | and sacrificing started | 
<dimmediately. Thus,’ an early portion of the curve was “deter mined. Bath sections of the curves: 
* thas determined fitted well with the curve for similar times developed tn experimental studies 
with mice at NRDL by the use of an ionie’ type of simulant (Reference 17). “Camplete total-body | 
curves’ for the director platform aninuls were “constructed ty normalizing the latsiratory eRe 
perimental c urves to best {it thé field datas Based on similar curves drawn for cach text animal, 
‘total tissue activity was calculated for the wre portent abe ee the first 2 oe the first Y 
week, ihe second week, “ind the third week. . i 
‘Pate: cation onder fach curve for the’ various time intervate given aiwve Provided valves for : 
‘the eayression ; 5 : i Thee ; ; 


Sy 3 


which were substituted in Equation 1.6 to determine the averace whole-body imernal dose in rads. 
‘Turnover curves were similarly developed for individual Oryans: ‘the gastrointestinal tract, « 
liver, thyroid (tn Shot Umbrella only), skeicton (as represented ly the tibia), and the respira- 

_ tory tract. © Individual orpan doses were cs uculated ‘in the same manner as Geacetiied above tor 
whole-boriy inte rnal doses. ; : : fale, : : 


oy 2 23. 6 Correlation of Dita.’ tigress dose edlimates ‘obtained by. the various methods outlined 
/ . were Compared in in an attempt to dvtermine whether they were over- or underestimates and ; oF 
- vwhether Ucy were influenced by the ‘imelusion « or shen aca i dinse rate <ceroen? thie to ine 
‘gress in adjacent’ cumpartments. ° oe Adee 
. ‘Exterior, intake housing, and test’ cbaplclnen air canpie as were ‘compared for gross rae) 
differences in patticle size and total collections all'a function of location. ° os 
Internal doses based an animal data were lso ‘compared to demonstrate Kross differences 


relatiy v mignitudes of air Sample total collections at the same locations. . ah 
Estumates of airborne activity concentrations were compared toa maximum perimivetble. 
“Concentranon, and estimated intertrial doses were compared to existing dose damage eriteria. | — 
©. Ingress exte Thal and interval dose estinutes and total dose estimates were compsred to 
.._,, demonstrate their relative Pnconee® ‘and hence their Felative ik abe : 
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Figure 2.17 General arrangenient ef Lan space, BD-302. 
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RE ULTS AND DISCUSSION 


oe ‘piste Shot Ww ahibe, GITR’s ‘and air samplers were hat in apetation i rer were Wontilauian y 
; “fans reaning. Conseque ntly dirtlow Aula h Sees aktOn test ch es ‘ts De sloiiahictlty Test eon! ious” 
“ths ‘Hreroom ace Is deat nl. aie hes of Mater : 
PALL fest eo imaneut! bithis: mPane, 
‘the temps rature exceeded HOF tat WAS extunated to bene ar 43 e Te mp erature | m the 
after Crews quarters was Consiant, “at76° F and in the alter fireroon at 06° to 87° F. Lee 
S- Duriny Shot Umbrella, a short in the air sampler timityt circuit resulted in the colle ction a 
2 hour air sainple's instead ofa serws of incremental samples. ' Only two GITR recorders” ; 
“were started by the radio'starting’ reley at ‘H-< minutes. All other ‘GITR recorders were 
‘manuaily ‘Started based ona H=3 hour radio voice ‘sigeal.” The puerer timing accuracy of a 
 mandal start several hours be fore ‘Shot time ‘was considered a lesser risk than the possible 
‘loss of all data in case of a power or starting circutt failure. ° With these exceptions, test © : 
conditions and fnstrument operation were as ‘desnned. Recorded temperatures in test Spaces” 
‘were 82° to AY F cacept in the galley. where’ the es, was an F. Relalive humidiftes 
“were about 90 percent. 5 . 
Data was obtained principally for Shot Uinbrétla and: wh sre + not ‘olhie'wide spec ‘tied, results 
and, discussions refer to the DD-592, Shot Umbretta. Before presenting estimates of external: 
“and internal doses, -it is Pertinent to prusent ail {dfor mation that is available with respect to 
“the radiation enviros: niont an a function of time and to note those features that relate to the | 
; » ingress 6f cunta minants. (Throughout this report the terms “external” or “tnternal” will be > 
DEP ee eS “used with reference to a person or animal, and the cerns “exterior” or “intertor” will be used 
with reference to a a ship.) . : Pay tahoe yh atts oe 


rr RADIATION ENVIRONMENT, SHOT UMBRELLA yo mae 


“3. Le Total ‘Gamma ma Radiation : usa sa Function of Tine: These results, as determined from 
GiITR Measurenc ats on the DD-392, are gven in Fhures 3.3 Shrough 3. 10 fur total Amma dove *. 
fates and im Fitcures 3.19 throu: sh 3.18 for’total camnia doses.” (The word “total” is used tov 8 

_ indicate the combiied contributions of all radiation sources that affect the radiation de tec tors.) 
' These’ Cucves Show the’ rapidly Changing radiation environment for *he instrumented arcas of ; 
he: ‘ship. All of the dose rate curves ize the same general shape, and similirty, all dase) : 

curve s have the sme yeneral shape.” An cxample of the rapid accumulation ‘of ‘dose can be’ 

“seen from the weather deck data (Figure 3. 11). ‘Approx.mately 90 perc ent of the’ weather deck | 
Faye dose was accumulate’ between Hs 16 and H+ 60 seconds: “Daring ‘this period, ‘the : 
OALEMim peak in tensity (Froure 3.1) occurred eta nominal ime'of He 30 seconds with ne: are A 
: “peak intensities nearly constant from H- 39. 5 to He 33 seconds.  Approxiniatél ‘ly 8 percent of : 
"othe dose was accumulated fram H- +190 to H- 699 seconds Auring the Subsequent peak. ; 
a Ta Rete rence 13, it wastestimaned ¢ Hat transis st radiation sources contributed more thin’: 
“98. 5 perérnt of the wether deck dose of the DD-592. No Sienifieatit dose was accumulated 
after H +10 minutes at the Various deck locations. The probable sources’ contributing to the’. 
radi. ition alte r this time: were de posited contaminants: on the we caher ‘surface Sy within the me 


pthe ported fe tacen 19 3 ud 1uu Aainites alter Sit lishresia wae Onde abet Lye scent ad foe tee "4a 
‘ duse received peer to this time ade: and ks ss than 1 r was ‘received chiringg the subsequent 
; ae hours. ae ‘ 
. At He? hours, radiation reaaings at the sah of ‘the | recorery ‘tug, dating its reese to the 
DD-592 fur sample recovery uperations, were 40 to 60 mr/hr; and at H«22 hours, during an: 
‘approach for a seeond boarding, readings at the ratl of aa LCM were 20 mrshr. From varios 
‘Lebservations, the ship was in contaminated water from sometime shortly alter detonation toa Ln, 
‘time’ beyond the period covered by data available or of interest (a this report. : 
i) The dose rate t:ituries throughout the ship, while ail jeneraily similar because of the doni- 
nanee’ol the exter: transient radiation sourees, have distinctive characteristics which sepa- | 
“rate tied inte tao roups-— ingress and noningress coumpurtinents. During the period between 
“| major dese rate peaks at Hs 129 to He 140 se rconds, the valley and after engine room dose Fr: ates 
are (he be hes levered slap. Tespers “tw ely PB and 3 tines the average weather deck dose rates: 
Citeference das in; ssurtment fo eek cose rate ratios), Whereas tie fre rau nose cates are : 
9,3 to 0.9 times the wi: tathe'r de ck uose rates. At Late Limes (alter Zuid su rons, ihe haste ont : 
‘dose rates are tound inthe lower level of the forward {rrervom, after firerooty, “and puede <P : 
respectively: 2, 2.28, and 1.5 times the weather deck dose rates: AC these times, the after 9" 
e mathe room dose rates are but Little higher thin in noningress compartments. °: 
This evidence is tadicative of the presence of deposited activity in the yalley'and boilers or 

: boiler aie systems and a radioactive aerosol in the after ermine epeny mice had been exhausted 

by Ventilation airflow at later tim..o: % 
aes ‘No distinctive evidence of dose rate components ras to the ace $8 ot coikaramants can be 

my found in the crews quarters dose rate history. However, inthe lower level of the forward ; 

+ engine roam, @honingress compartment, there is evidence of 2 contribution to dose rate from 
“" an inttrior source that was not seen in the upper level. The high dose ratee in the lowet level 
pike ‘between the major dose rate peaks sugxest the possibility that radivactive material inthe main’ 

*. | eireulating watér (or depostted tn condenser, anges or piping) may nave ‘bee the  peitietpal 
7 radiation source at thin locaton.’ Ai f 4 oy Be a ee 


“3. 1.2 Estimates of ‘Some ne Characteristics of the + Enveloping B: Base Sante. In Relerence 20, 
it was Se ‘a correlation existed between the: “Sinphoard ¢ Karima 1 radiation hintorics ° a fe. etee 
and the base’surge transit. Alreraft phtuygraphy data (Reference 20) shows the base surce to” ae sas teat 
be toroidal'in shape. -During and after formation, the toroid expanded radially ‘at high speed, co 
It eventually reached a maximum dianteter, after which it was windborne and mioved downwind, |": 
The downwind segment of the base surge passed the ND-592 during its intial expansion and is es 
: presumed to contain the principal radiation source of the maximum dose rates measured 
“abvard the ship. The ‘pass:ge of the intially upwind segment of the base surge , driven downe | 
wind by the 20-knot Surface wind following the tnittal base surge expansion, is pre sumed to 
“contain the princ ipal radiation source of the subse que nat and broader dose rate pe At 
; ‘ Several estimates of the {ransit time of the base surge can be mide. Based’ upon visual 

“s observation from a tug ut Several miles from surface zero, the sample recove ry party ¢sti- | 
SS imated that the DD-592 was engulfed in the base’ surge ‘at H+ 30 seconds aod beeame visible 
through a haze at H+ 6 niinutes. ‘The H- 30 second ¢stimated time of start of enveloprent | 
2 cuineides with the approximate time of the first maijordose rate peak and the 166 minute tine | 
J as inthe middle of the subsequent dose rate peak. Turning again to Project 2.3 data (Reference 
20), ‘at H-'30 seconds the estimated specd of advance of the base Sure ts about 60 knots (100 
* feet per second) and (he downwind turusdal sectiun of the bade surke is roughly estimated tu be 
1,209 feet from outer edge to inner edye. Based onthe se ¢ stitute: 3, he DD-592 would have © 
“ been enveloped for approximately $2 seconds. This, cof course, ‘agsumes ae absence ofan 

invisible Acrosol following the trasling edge of the base surges 000.) a 

% A sitond © stimiate i$ available from Project 2.2 data (Reference 18). ‘It the hse sarge is , 
_ conside red as a seme Aintinete radiation source at ptbe instant of enve topnie nly an lh rite source: : 
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Hsia’. - road Uae decay coliretad plot it the weathes 72" 
average dase Sia ‘the limes at which the dose fates are half of the mmaxemum walue‘are |: 
: We 29 and He 35 seconds. fa fourth of the peak value were used instead of a hali, assuming 
“that ‘the source wie Sera ning less than semi- antinue then the ‘times would be bia 28 and ad r 40 
‘seconds. z ; ; : 
fag Similar treatment ia well siaeek the lime oes env edema iy the tmntiatty spiel acme ot the | 
“hase surge at H's 2H5 and 114435 seconds, respectively. This segment of the base surge was 
greatly tispe rsed and diluted at this Cinie conpaced to the duwawind segment nt at the time’ of. tis” 
Passaye over and around the DD- 592. : , ‘ 1 : 
Project 2.3 haat tau types of collectors on the inn sieeeiee prattccm ot the Dp-392, Whicl: 
sided tune-dependent intas ration (Re forence 20). Thetr incremental fallonte collectors AIC) 
Paar Giiseanonm onstr 
CospWeae. Vbte deh tel ' fyntatned 
“Smore padiawtivity Chan sat juent saiijlus (all « erre cto for ‘de cay to a cont Cue} by an 
: approximate factor: uf 30 for: starmoard [C, 45 fer port IC, and 8 for AFI ‘The He2 minute 
AFI sample tnelud a Sea water in such quantity as would be delivered by a heavy rain. To re" 
‘view and siimmarize: it ip estimated that the DD-592 was envetopedt by the base surge sume. * 
: “time between Hi 28 and He 30 seconds and emerced fram cavelopnent at about He 40 seronds. 
: At H. 30 seronds, the base surge was moving at an estimated Speed of about 60 knots, and during a 
Sori: novwediately subsequent to the envetopment, there wis ‘probably a heavy ralnout of sea walt... 
Fallout collections were considerably: areaer during the pete} Hel to H o2 mutes en caring i 
any equal subsequent tine period. fee : : 
At ubwut 1 ¢ 285 seconds, ‘a second chvelojment aeeurria ieeaune of the rinvae of the up- 
wind sement of the hase surge. This was wineborne and therefere maving at the Speed of the’ 
acs “surface winds, about 20 knots.) This envelopment ended at about 114455 seconds. The outline 
= 69) O86 the ship was visable at about He 360 Seconds, ‘an indie ation w Abe disper ss) and dilute nature \ 
Ee ge Me hey ‘a this segment of the base surge at this time. : t 
“ie It seems most ‘probable that radioactive aerosols were drawn or r forced into open’ ‘vent 
and toiler air systems in the greates t amounts ey or immediately after anes of ae vi 
thle” base Surge. ee age de Le ee cb o : 
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eee 3 Air Simple Pat Data. Results from the ieee ental air <auplers: are prs. se tod in ‘Table 
: oe jhe GES g Vas total activity collected in: “eath sampler and the percentage of this total that sas found in’ 
ae i ay eh hh tgs "the five stares of each sampter.' ‘The data was ‘corrected for decay (Project 2.1 tevay’ ‘ data) 
Be Nu Se os 2 from time of counting to H+10 minutes for comparison at a common time. - The total air sample 
ae Poe eee  lduta is presented in Table’ 3.2, decay-corrected on the’same basis as the incremental xanipte: : 
- dats a, and also in terms-of fissions as determined after return to NADL. - 
The activities of the total arr samples tad the adjacent incremental air samples ar Approni- 
mately proportional to their flow rates (10 to 1). ln the crews quarters where they were not 
/ adjacent, the activity ‘of the total-air sample (t: tkenin the center ‘of the compart nent near the ; 
cexhuust terminal) was equal tu the’ average of the port and startward oa air angle” : 
‘avtivities (cot rected for differences if Sampler’ flow rates). 7 : ; 
The data from the incremental air sampler shows that 98 to »'99 percent of the a setivady am- “ 
: pled was associated with particles ‘¢ quitt to or less'than 1 fic ron’ in size and hence readily 
“ -airborne and respizalle.: The principal exce pion is the starbiard sith: “af the | uptake space 
whe re approxinetaly 15 > pe reent * the activity was associat ued with farticle 8 Ae ‘ae r ‘than a f 
micron in size, fs fee fae ath 
Tas pe ction of Table 3 1 res al that gatiaded side ve -ntilatiion take and vidtake't Gpave collee- 
_tions were aN ereater (han port side collections ‘and that within the falley the 0; PPPDRE ts true. 
Considerations of airitow effects dee to a 20-knot wind from starbourd to port and he initial 
passage’ ef the b 230 eres at ae knots when’ high © conee nt rations br aetleiey: may Rave been a 
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yOnS to Sposa ain ‘port cunid Cause dilerencéen in icine fe conce ‘rations, 
aehure re ite Cleat by he differences in starboard. and port total saniple eaitections. 

“Samitar cir ‘Uinatunee $s apply to the nate y veatilatiom. Here the Starlieard mushroom venti. 
= latron inlet may have been in the low-pressure region, which is ereated ty a wind on tap of a 
'Stguctare tear ‘the avidward edge, thas delivering lower concent rations to the sturhoged side 
“ad the alley. Tlas aur current audid have fittle opportunity for mising with air fron othe a 
Inkefs ON se tend possituhity os that the starboard sampler aus oot in the prinerpal seit and,” 
te cures this, Samided relativeiy chiute concentrations of aur borne mate rrat. : 


tes mirees 


te dte cenaen th ds dren: hese i Ae tthe att orks spice lined fron 
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RO pe we ete Tiwuiee Dee nene Ws ated twig et 


ot lew Sameling Cfhiereney, and abso, athe Case of the MIsake dpatce, the prnersiel 
: haves tov; rane the’ saniplers. me 3 : : 
OO he azine room, the three’ ‘samp ers Colle ected Gan anis equal smounts ‘of getivity. 
“However, ices & nline ly that Uns was the re sult of umforin coneentritions at activity but 
Vateet of Sampling dillerent concentrations tor compe Nsaltine ¢ Unies of sampling. | 
42°40 Sampled air delivered by the port supply syste m, and the total collection 
witely twice that of Me intake sampler. “Sampler Nunibers 11 and 12 Simpled air 
a. Ceblivered Tar ihe starbatrd supply SAMs mek sampte setevaty collections were Mlughtly ner. 
: than for the: wntuke® sign ples 8 : “ . 
“The ae vaty in the crews quarters air samples (Stations 3 and 14) were much less than the 
actiy Wty tn the” vat ake ‘aif sample (Maton 7). This” duference mirht be due to a conibination of 
‘the fellows: q) dilution duc lo mixaig with clean air tn the compartmert, (2) a’short sianipling 
O Uanie gn raged tue ty’ the diffused shape bf the volume of contaminated air carried past the aie Oo 
ms san. pier, and (3) loss of airborne activity tue to deposition in’ due ts aimi/or campartme fit. 
An inspes tien of the ventilated conipartment airflow charac teristics given in Table 2.2 indi ; 
Cates that radioactive material wou'd be introduced into test compartinents from vmmediately — i. 
to withur 59 10 seconds after at was dvanable at ‘veutiLation intike opemnps. ‘The ‘estinnated | 
tans sof Wirtlibitlity for the highest concentrations are short with respect to the time to Pune 
airinac we Sptrtment; kenee, the vulume'of such activity concentratiory is some frac tion of the 
total room setuaie. The short time of intraduction, «the small volume $ With respect to room! : 
* Valuines, Qnu the delivery of these total volumes as smaller volumes hy the ventilation distribas | 
tion systems at Jarying distances trem exhaust terminals woald lead to the conclusian that’ there’ 
was Utthoupp ‘rtumty for uniform actieity Concentrations throuchout 4 test campart me nu ont 
Seems most probatte that samplers were susmpling discrete solumes of cont aminate d air, “and 
 TSat there aus dittle bpportumty for mixing except near the cchiust te rminils, Wf samplers did 
sample discrete volumes of contaminated air, it is probable that the contaminate “dl aur conteabuted | 
to th: dose rates inthe: compartment for a time perind both bef fore and atter the: ‘sampling ptriod. 
tithe Pept 2 samen cniicetion is something less ter nec sssary for conve rsion to doses rates 

: dod m ay Compe ns ate to seme unknown degree for the assumption of unitorm is atrilatin ot radio: ' 
: ‘acti ° mate rial, whac fh eshealy Brow ide anove Dili of dose rates, © a , 


344 Sortary ele Pata. -The data 1s devas nied in Tadic 3.2 ‘is the count fate ut the Unie 
teams? FR use spare, calley, and compartment housing the vruna, forthe ventilator 
ecitions for which the tichest sample counts acre obtained 
sarface s. mplers represent a Very small sariing: of the tetat surlice me each 
Cheah ent, they are adequate tar show the Jocahized miturse uf de position. In/all sjwees except, - 
OF othe optaie § stiee, The Swunples sheairne sicaificant depos itiea ere located on obstruc tiens or 

“atta 4 a> ur sampler frame 2. The ae indicates little de ‘posite won on eae CkS or wuikheads 
he uptake space, 
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Corrected dose rates tor the ave rate ob St iene 2 ant F} anid the aVerese i 3 tions Gand? are 
“she: ‘an mm) Firary v3. fd rat 3. 20. Fur ure 3. “1 ahi all of the pening ress “anijarine wt ae . 


Lesa a enve i opment at sede Uy “att a the Sfatiaas on the sh: ip. F yure 3.21 sinless: one ‘mnparative . 
haste those dose cates that are ataidlable for use in the normalizing te ehnigquer de seried in 
; Section LILY for estematin e dose rites due to ingress. Numerous alte rapts it usin thas te che 
oat que demonstrated that the period prior to H <50 or 60. see onds was the erst suiinitive in dose 
fo determinations, and in Fieure'3. 21a will be noteal ‘that the averages for Stations Dand J and 
OO et > Stations € and Z represent the extreme range af nemneriss dose rates during this perind, As 
: previeusty tuecated for Station 13, the lower level ot the forward chine rodm, tlw presence — 
A at 8 da loead radhation source is apenas startin sat Hs 60 seconds and eliminates this: station for” 
ae ee Cuse'ih the ndrniahication technique, 05°58 i we 
BS ai Oy o The averages for stations 2 and 3 “nitd Stations 6 and? 7 were I uieiullzed to the total bus 
seit “a compartment datas eaphrined belaw, lo sunulaty the deeiy- corre ‘tted dose rates, which 
5 “sould have beer vhserted had there teen ho imeress‘of contaminants into the ship. Finures 
33. 22 throurh 3.29 show such noningress curves am also the loiat dicay -chrrected dose rates 
in Varwus cotipartments. S500 = : ites Sere 
The successive steps tn de te rmining ine forinali ation fac tors issume that she eras : 
correct d incress dose rates, aic., the difference bi tween the total de cayscorrected dase rate 
“and the Sormalwed dee: orrectid PAMINETERS: dosé ri ne in the « eeiingartmiehl, were the Sanie o 
at ICN seconds art 529 seron nls mY a 
le edy-correetes 
“gate al SOV ant 


4 


nthe av 
ates, aid that decay = caenitie ingress duse rates were the | 
tee A 
we 
CAPPPONGnations to a. Ct these rysumpuions are yaven in Table a. 1 Averace ve scorrécted | 
2 tat 3 ind Gand 7 were multiplied by the appropriate. normalization 
hed Wéay-corré:ted dose rates, which, whet a subtrac ted from thevob- 
Hpaeeere nt ati: Ie ave re murnders that are the derive d e stimiates af dee ays 


pane shen the aver ses ot st aticins 6 and 7 7 were dst d as ii 


decay ecorfeete d sean cress duse fates. - Nurmatizaton factors te termined by succes 
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Sand 7 for itese ti: wriatida- . 
Hi ake wis strane of he way? Corre’ ted WT eSS duse rate estimates: ta be 
ate cl aer ‘ay <t orn « ‘te d An are 


Ms ‘AS to eves 


brons ‘sheouid res: 


hep itecd han sera Heb ata aie vet Maa tad sits of tnt 
plore nates abe pre serte reo ‘Fursres 3.30 thromn: A 3. 
“ tate dose rates are found. This re sult must be ac ee pe 1 as one of the “wnace 


5 in using cthe 
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tee sets of votimated ane Fates amt the: te “st 


sme es 
SE DWe ave scorrerted Wiprese dowe ‘yates are ait tw latively constant by H- 4 thur, the ond of ‘most 
‘ i“ the avatlatle data. At this tune, it os assunwd that these dose rates are principally due te 

activity de pooitid aS the result GMingress, Lacking any data, it was assumed that this activily 

was de ‘posited. prior to H 280 seconds and Uat the buridup occurred Ietween H30 and He 

The 4.20 t: arvuch 3.37 re present. ApPProvimations of the decay= cee, 
corres t Widuse P ates due to de pposited Retivity hased on the above asgun, Phons, 
the spper ‘hettoat Line 


_ sevonds. -dottid Tes in Fisures 
Soyle values 


eoObnarsed far the mut Sunery epiees bat in the alles, as derived 
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Hose ripen tus oo Oke sermagath ad far staitena 6 at! cet The lea eure 


Dae TR ae ett Se a fie pyri Satie far St Tig eenesate (sta ne ‘ 


lor thes geass fuarte rs. 


Sot 1 “ne 


Te “av scorns cted dase 6. ste curve S provide iit ile adlutitie tafermacion on the tines 


ming ard end 64 ivress or envelopmatts. They appeaa’ to conur Mtoe otra tane as bene 
Ween Ws 28 and +30 seeonds, and that the hirhest Concentrations on activity were 
ath the tase sree front. AL curves 


ut locals a ation Sources 


Jason ated 
S bread at about H+ 60 'seconads, and at this lime the wn tie nee 
ale apparent, all reaeh ie fan 
Inuaat He 220 seennds prior to the secare envelopment and, as assumet by Piuyect 22, this 
evelopment appears to have ended not lates than H 600 seconds, ‘ataisiut He t,200 seconds, 
AN Intepse radiutian source wos olf the startward baw. or beam,’ presundiiv waterline and’ 
_Perhijis a patch of toant as discussed i Rererénce 20, and contributed most heavily te duse |, 
ENS an he “starboard ‘side: of the crews mess, starboard weather deck, und the weather de che 
bow Station, Althouch all ot these peaks are’ net shown, the punk decay - corre ctr dose Tate iy 
was about equat lo the nerximum deeity = scorras ed ilar rate at abe Se statin vay tnt ne ser ond 
envelopment. : . : wet VG sale at a ; 
The decay- -corrected dose rates estimated to be due to the inyeres gare manne ek 
total and duc only to deposited activity, FeSures 3.30 Uirouth 3.37) were divided Wy the decay” 
‘factors iiven tn Appendix DB to obtain estisates of the dose rates due to migress: * These duse 
Fate estunates (including negative values) were humeérically tatecrated 0 give dose estimates 
Which are presented in’ Table 3.5. “Resarciess af the uncertainties ana the wide Fane of these 
estimates, itis to be noted thit a large yertion, of eich dose was ac eamciated prior to the secs 
aod cavelop iment. Some of the ditferénces between the dose @stimates abcar an hic ation aly be 
a ie to eadnetion from adjacent it Stators 6 dad To were remote trom all iners ss 
uEees, dave the after firerves on uptake |. 
pet be ctpplied te the ‘dose lestursites for (he orews 
Matiment was not rear any of the othe: r 1 
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es appropriate, The estimated ose rates and Concentrations for the ‘first 14 minutes afier shat 


Rabe 3.10 (omitting the frrernomy becuse this doze estimate was too low te bo Significant). 
: For the firercvom,, i awas assumed that raduiic’ tivity { ran boiler c: 


we ‘ple then represents a rollection ata constant rate (constant cone ‘entration) for the ‘total sampling 


ee ataietentinties 4 nis ave ible, 


oe rate for the filin slide calectors in ach conipartiment was used as the count Fate tor tenth the 


Bris ‘at time of counting). These count Fates wore substituted in Equation 1.5, dnd the H's 10 minute”. 
~ d08e rates so estimated are prése ated in Table 3.42. “Comparison with the dose rates extunated | 


oo decay to obtain estimates Of dose rates from Hel to H. 10 minutes and atH 6120 minutes as: 


ie Seconds to H + & mirutes.) ‘The dose rate catimates a the dase to u +10 mninutes are © peedemed” 
in Table 3. 12 i ; an ; 


ts The tot totat ima . dose measured in wach test compartment nd the Various estimated HORNE 
doses. due to th tngress of contaminants are presented in Table 3.13; film hadge ‘doses are 


© beeai + combustion effects would cause Kreator depoyition of material thin: for © 


+ vpartnne aS respectively. The re lative importance © oof the te are 38 dose 18 therefore a func tion of 
the slaw dung’ peavided by the ship's structures For a ik stroye ft opt rating’ under the ¢ ire um- 
Ste aces ‘encountered m these tosts then, even the maxinium ingress dose estimates are sees: 

pamdaury to the ae doses ahic h were measured in Tightly shi adel Leumpariment a, a 


beaks me tie pee ay 


count: r, “and using the al eo nent yone dre lation’ of ‘canes tw count rate ( surredt-" : 
“ng for ea: the totas air Sample eount rates were converted tu fissions and are ‘piven in Pr tanga or “3 
Table 3.2. The collection of these nuiihers: of fissions as aa lunetion of tine was de termined | Pe 
and converted to dose Fates and airborne concent rations asing Equations 1.2, 1.3, and 1.4 as © 


are yivenin Talics 3. 6 throuyh 3.9. Doses estimated {rom these dose rates are presented ia” 


Sim leakaier was introduced 
‘ante the fireroom at He 30 seconds and re ‘mained throu! hniut the sampling period. “The iar sane | 


ipervodt of 120 minutes: 


The con: partie nt hid been sealed, anid ne basis for estimatinid ‘wirflow 0% 


¢ seal Mas hation: Dose Daw ‘to ne ivity Within Test Cc njeat 


dose rates due to 0 depasite dactivity, the highest’ surface mumplie count | 


spcitn. To estim: 
‘decks and the lalkheads in the compartment {all talkhead count rates were below hackpsround — 
for airborne contaminants at He 10 minutes ia Tables 3.6, 3.7, | and 3.9 peas me thee’ 


valley COuld deposited activity be considered significant. aa : 
© The dose rate estimated for the galley at W403 sainutes from Tabbe 3.12 wan earr et foe ; 


suming all niaterial de posited by Hel minute, (Decay data (rom Referenes 19 was utilized” 
for the time period H +6 to H+ 10 minutes and extrapolated (a shape of alait - 2. 8) for #63 — 


3, 2. : "eunina: +y ‘of External Gamma’ 1 Dose ‘Estimaten’ Due to the tiiereiss ‘of Gras sinide: 


a ae a tne te ee ln Se | oe ee 


“24-hour doses (Reference 18), GITR doses Vary fron’ approximately 1- te 2-hour doses, ' The / 
incress dose | stimates are round figures, | adequate to’ represent these estimates for 1 to 24° 
Soars. “The uncertainties inherent in the basic data and in the assumptions and approximations 
used in ‘Ne ¢ ‘stim: iting teekniques: have resulted ina ace range of vilues for the ingress cose 
cst at! -§ ateach lucation, 2.0: . , : Pd sat 

Cor stson of the forward aid after fireroom ingress dose stim. ites indicates that full- 
fous) scration of a builer would resull in higher dose estimates thin these” priésented here, |: 
ither of the 
twos sid Hitons an trese tests. ‘During the tests, the operatiag howler was CiFed with diesel oil 
tote unmanned operational reliability, “Tho usevof regular boiler fuel would result in 

te) suut dh posits ard therefore also incre ase the probability of large rt deposits of radivar - 
oocaiteratl No estimate of ‘the magnitude of the se fects can te made, tut it is meiet probs 
able that an increase in dose would result.” ; ; Le SRR a ae Ue Ee 
Con nr eison of ingress dose estimates and total dliine ‘Ss hivete ates ‘that « ven ‘the Wayhe st ing re bs fey 
Ceieates are dnly a half to ‘a third of the total dose for the best and tewst shie Ided come 
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, Colsistas of recovery party paddle: ical survey dose rites and Proje t2.2 film tara ao 
loses. The Posts bot survey readians for Shots Wahvo wid Urine Ma are presented in Tate 3.14, 
| Compare aim of the Shet Wahvo dita, anh the Shot! Unibrella a ita ‘(corriv ted for dee ay fo He 22 
: bestest WAVES wee ateieration of the re Litive magmitudes ot deposited radwctive materul., lv ine 

(ress test compartments, duse rates were at Le ast Jto 4 times bicher and weather deck dose 
bates acre pe nerally bunt 10 times higher after shee Wahoo thin alter Shot Unibrelta. 

Tae nity fair? “hour fibm badee doses (the averay e from all film bidee arrays in éach campart- : 

; nent) are presented uv Table 3.15 for the DD- 592 fdr both shots, topether win ihe ratros of : 
‘Watoo doses fo Unbré Na doses, These: rates vary franv). ‘3. to2 4 het reve no information: : 
S with respect to rarress. nie ROE A vet |S : 
In order to make ‘same comparison of (he rfferts of imiress, the érim hadre data his been 


utlated  Nogeryress & ienpt ms clash tose hatte frou | a compartment whose Shield approximates 


eee 


[geal Cheeacehwwe datas ire ted fron ine 


““fins 


yee co Noart sent desc s to Getty an esteay et ae Mose due te the paprens of con (ainatiants. = 
These dose edtunates are presented in Table 3.16 for the Dp-5 42, Shots Wahod ‘and Umbrella. 
Sumitar “Hose estimates for the tooward fireroom (in ope ration aid instrumented with film Peachy OB st 
© aad GLPR'S) are presented 13 Tabte 3.17, Coasider in: the uncertainty ii these estimates, it 
“Sawould appear that, foe Shot Unibretla, there 1s a decrease i ingress dose with distance from 
‘surface zero; tor Shot Wahoo, there iS a deercase from the ND-474 to the ND-592; but both the: 
DN-5492 and UD -593 intress doses are nner aay equal to or qreater thon those for the ; 
DD- 542, after Shot Umibretlas os. |. : : . \ . a 
The mutgartade of the dose inthe figerciith, rp. 593, aller Shut Wa ies 1s evident in data ae 
sented by Project 2.1 (Reference 18). Durutg the portod after the ship Gmergéid from envelop. * 
ment by the hase sure or cloud and prior to the time that the sup presumably became Surround 
ed by contanimted water, Le., between 17 and 50 Avinutes alter Shat Wahoo, the dose rates in 
the ‘tireroum were on the order of 10 times higher than dose rates on the washed weather ‘de cks 
and aldut 100 times higher than the dose cates in the adjacent engine room, “The fireroom dose 
rates Approximate decay during this period and appewr conclusively to be due to ctepusited radio- 
active material in the boiler 6r boiler air system. ~The dose ‘for this period, approximately 35 ; 
2 ominutes, ‘was’5 er. : The dose tor the eqhivale nt period inthe fireroony cf the DD-592 after. ‘Shee 
- Unibrelta was 1.6 6. oie duse in all other conily irtments al the DD- oy for this period wa 
less than 1 r. eh : Soy 
Alter Shot Umbrella, whey the hips had emerge d (oan env velopment, the figeram dose Fates © 
were 1. - and 8. S times v « av Cran weather, deck dose’ Ms for in DN- 474 and DD-5 93, re a 
tively. ihe, . ‘ wa . 
The lewatrons of the three ahi lo¥ W Sahoo were: “ppd 4, 3. 200'f foot: DD- 9-592, 4, 200 foe 
and DN-593, 3,990 feet downaind from sorfies zeray For Un ashirelta, the locations were: 
DD-474, 1,990 fect: DN: 392, 3,000 feet; and DD-593, 7,900 feet downwihd from surface zero. 
he dope estimates for the fireroons are for lebeil rn operation, Re “Mastic oper rating con- | 
ditions would include Gperation of both bowlers at tull powe roond with ve sith. Aion & ystems: ‘Opens: 
For these conditions, the fireroom & stern: ingress dose would be moce thin twice: the dose : 
estunated for 1-hoater operation and seabed vental ition ope rnings. : 
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3. 3 ANIMAL TISSUE DOSE 


Complete tetal- laxty Faeactivaty: curves for the platform animals aire * construc ted’ irom 
the felt asd Libwratory eorves UFiures 3.38 throuich 3.41). These have’ shuipe ny typical of the 
cores for all test animals. -Purnover curves were samiarly ut ve top @¢ for medaVidual organ 
aa testinal (GI) trait, tive r, thy reid (Shet Uasbre Ma ouly), pne ‘Leton Gas. re ‘pre ‘sented by 
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wae tissues: are sheanin Fics ures 3.42 throu h 3.45. : gaat tissue activ ity was calculated by 
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Ota 7 days; an: sivr prt of whic hovas accumulated: ey. the early pe ri 
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bo Stated ty fantes 
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aud 3.25, Eatinated deinen lor man acrived from the fuinea j : 
: auree ment, This ean be taken as Supporting ev itenve for the the ‘ary that the inhaicd vatudwe on 
aur per munute per pram of tissue fs an important determnieiat at the internat contamination in 
othe anuhals studied. The differences that do exist between doses to min, Calculated fram the 
Mouse and yuriea pig dau, may have been due in part to the varving ameunts of sedf-heking by 
- Charset animats {akthourh | the skins of these auntaule w re not iie laded an any ot the calculations, 
they wer foniul ta Ine ly ty contaminate d witle radfoactivity). ‘ : ; 
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bd SOD UE see at Used cont cor, eration 


eee te 
arreet Sa dia eae 


bay beeers ‘ ‘ sypsoent res so white 


load cells, SAVED OPEN Catton oa ese bined an te rine 1d white Sho 
eeth deved. Sunilarly, Sut A desertpeio: ows “peneralezed mela: Ne, ersthena dnd vomitene” for 
other whole-body Coses aunt be mean. xless when applied te Diy tual orcans suchas the 
bone marroy, Gi tract, and thyroid. Thus, bY considering the efteets of an early dese dw het tee 

“at be externa or intertd) (Mut would dead to an immediate tolocecal Hffect discernible gs rau 
tien svndrome, (he dese to the while tany IS ior’ meaningtul. . ; 
; Hower OP, .48 expvicted, Une date tudicates Unit the Fatt cUvity ts concentrated m curtain 
ory. iS and That same of these orgins are consider aby more racisensitive than others. Thus, 
the use of the dase 10 Un whole body (total rachoactivity divided by the whole body weigh? to: 

é determine the earty radiation syndrome Would innore te tact that certain highty radinsensiuve 
organs, io. crite al or cins, are absurting a ereater ‘part uf the absorbed energy. 

; This problem can be pe ‘solved ly tre ain, the dose absorbed by the ertleul orga as r t 

te were the dose to the whole tuddy, ie, it dost of 50 Ff tothe sheleton then would be considered 
4s a'dose uf 50 7 to the whole body. In this way, the hazard would ue ore rrestimated, allowing 
a safety factor to be sacorporated into the calcuhated Values. ' : 

Internal Dose to Man, Calculated on the “Basis of Critical’ Organs. 

Prior to thy conside ‘ration of the. internal doxe,: at should be notest that ade ‘quate shielding would” 

“he iecessary ty reduce the external gainpea doses, whic herance from1,130 to $1 Fr for Wahoo 

‘and 549 to 22 r ‘for Umbreila, ‘before Ingress External or intern body exposures would be ; 
limiting tactor’s in operational conditions. HowWever, itis wrth this ingress radioactivity, which 

| Can InPadiate scesonadl trom the outside or, when Absorbed inte the ‘body, irtiduale an taternal 
e ‘mitten, that var Presents tnly is concerned. ; 

The Festlts of the Conversion of ammal dose todose vg a nian, are ctiven in Tables 3.24 and’ 
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result m fient stuns 
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: allout and rei ‘ly water of the base suri. are 
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mite possible is presc tev! in Table 
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“noted that these ‘is ne correhition wath animal doses, aa imdication that the’ assumptions were- 


ay these Lightly shielded compartments, oy 


‘would nek cause any casualties or any reduction of combat effectivenrss to Personnel, | “The | 


: 7 ‘doses: due to deposition of contamuxints inside the body are for a 7- day ekronsre: and generally: 


“is accemplished hy mane uvering to avoid the base surge or Cloud, then the incress ‘of contamt- 


- “eontay ats, particulary in the ease of fire Forms and Compr BETAS with his he “Capac ity Sen- 


To otitire the air’ pests ‘data: as Ineasureme nts” pclae te Nain dose, - the. air “Saniple 


“These an erage vorcestrations arealso presemed in ‘Table 3. 26, and it wat bey ee” OF 


Anadeqiate fos a r puepene of de ivermuning: 2 an av erage ¢ concentration. 
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“3. 3. L E xternal aid Internal Duses, “gsiimates” of cnidrnal and internal doses ae te the in- Z 
19-592 are presented in Table 3.27. The estumates of external 
jues inna quite a bit oun vertainty). “For each ve mitated” 
timeut, tar tower eaters wees thancd Aoredne af 
<tthh a3 to r) abeae sland 1S pereert on ther teats “ dese: : The 
havnet fivse estimates fpra fi eriom (15 r) and ventilated Cimiine rom: ‘(at r) repre sent anproe 
mately BY) percent ot the tonal duse in the se compartments, ‘Note thit tor full-perwer '2- boiler 
“operation, with Ventilation sy ‘stems open (a normal Operatini comditien) the fireroom estimates 
should be multiplied by a factor of 2 or 3. The higher dose estimates for the two ventilated ; 
“nonmac hinery compartments, ‘though quite unrehable, are‘less than 30 pe reent of the toial dose” ‘ 


PEs s ¢ of 


See se waited ma we ae r ting eas 


' Cot tela tas me 


(hae tana dese, “an ie the neces 


The extersal ineress dase estimates are for an exposure of 1 buae, hut. a ‘laree pirtish ot 
‘these dose s were ‘geenmulated during the first envelopment by the lase surge after Slit Um- 
“sbrella. The highest external doses due to ingress Would result in ate. Ins sent slight low: ring 
“Vet white blood cons in individuals ‘exposed to these doses, However, ‘exposures in this raige 


lower estimates of externu dase and the absorbed dose in various critical organs would wt 
cause any reduction in.conmbat offectivencss, nor any major chanues’ in hematolugy. Internal 


sare small confared to on from external sources. 


“a: 2 General Considerat attons. The doses due to ‘transteot exterior raiiation suurces re- 
ported by Projects 2.1 and 2. 3 ar are considerably Ingher than the highest doses estimited to be © 
‘duc to the ingress of contaminants. “The transit dose is, therefore, the dosent primary con: 


cerntoa weapon-delivery ship, and reduction of this dose should beiatte eae Mf this ‘re duction , 


nants shoul no ‘Toner require consideration. tf the dose reduction is se comnleshe by shiclding 
and the stup operates within the hase surpe Or cloud, then the dose due to the jnitéss of cone” 
(amunints could be the “princapal dose in sume compartments. “of the ship operate 3 within the 
c orfines of the base surge or cloud aithout additional shielding, the gelative contribut 100 to. 
the total duse by the iress dose would determine whether reduction of elimination of the | 
Ingress dose should becattempted. In ary case the internal dose wul Se a if ‘feer, ‘be 
saricait ‘with respect to other sourcis of dose delivery. : co tt Myf te 
It seems probable that pe rsonnel on a weaponedehiv ery ship inay suf te r repeated e Spesires ‘ 
othr iti 4omiss10n of ¢ onsteunive missions and thit Some system of dose limits tovether with 
Lope rate: a requirements: aA determine necessity and amount of Shielding required to niet 
“the st hamats. © Sach yudiment aould alse ix quire consaderat rian of the Jose due tu! the ingress of 


lation syste ms. 
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